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INTRODUCTION

The Soviet engineers have, of riecessity, designed and erected many build-
ings in the course of their post World War 11 'activities. Some of these build-
ings have proved to be of faulty construction. -

In 1956, the Soviet magazine nStroitel!" (The Builder) published several
photographs of unsoundly built structures as well as a series of cartoons making

fun of the shortcomings of the Soviet building jrdustry. But the Soviet govérn-
ment and "the party" did not choose to see the matter in too humorous a 1lighte .

Resolutions calling for improvement of gtructural designs, better organiza-
tion and execution of construction work and’ higher quality of building materials
were adopted by the goverment in 1955. The XX Congress of the Comminist Party
of the Soviet Union, convened in Moscow in February 1956, demanded emphatically
that the building industry raise its standards.

Apparently reflecting the government's concern, & brochure amd a few articles
appeared in trade literature on the subject of structural failures in the Soviet
Union (See bibliography).

Based on the above material, & description of some specific cases of these
failures and their causes is made tl_le_sgbject.of the report that follows.

The material indicates ailures of Soviet structures have
not been confined to any spec “to any specific type of stfuc-
ture; they have occurred in such widely separated regions as 1te Russid,
Moscow; -Krasnoyarsk (Siberia ), and appeared in both residential and industrial

strucjbures .

The report follows structural rather than geographic 1lines. The subject
natter is therefore divided in two parts:

PART I. FAILURE OF RESIDENTIAL STRUCTURES
PART II. FAILURE OF INDUSTRIAL STRUCTURES

- With two exceptions, each chapter within this subdivision covers & specific
cagse of failure.
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In préparatioxi of irxiividuél_cha_.ptgrs, an attempt was made to:

" 1) deseribe the structures under consideration from their foundations
up whenever possible;

2) note in every case the construction time-table in view of the fact
fhat construction methods and thé behavior of materials are affected by the
seasons of the year, particularly in the Soviet Union;

3) “tecord in every case all available structural data, whether they
have direct bearing upon a particular case of failure or not (such data may well
be used in the analysis of similar structures when, as frequently happens, no
reliable data on those under study are ayailaple); ‘ )

" 4) ascertain whether the failire in question waézpfimarily due to
inadequancy o6f design, unsatisfactory materidls, or carelessness on the part of
.the builders; ) ) ) _ ) i

5) déseribe whenever possible the methods, suggested or actually used,

in repair or reconstruction of the‘damaged structures.

Drawings and photographs pertaining to each failure are placed at the end ’
of the chapter which describes such failure.
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CHAPTFR I
PARTIAL COLLAPSE OF A RESIDENTIAL STRUCTURE (MOSCOW )
_ Location
L4~46 Krasnoarmeyskaya Street, Moscow.
Structure

" Residential five-story brick structure with load;bearing exterior walls and
interior piers located as shown in plan on Plate 1; fig. a.

Construction

The structure was plamned with a cellar conforming to one of the standard
designs prepared by the SAKB APU Mosgorispolkom.* Actually, the building was
erected without the cellar.

Foundations, Foundations are of precast reinforced concrete blgcks.

Walls. The outside wall§ are built of seven-cell hollow - ceramic blockss ..
Wall thickness is 51 em. (20.1 in.); this figure includes a one-stretcher thick-
ness of the facing mede of silicate bricke.

Interior piers. Interior piers are of Mark 100 brick on Mark 50 mortdr; they
are reinforced with steel mesh inserted in each bed jolnt, and their cross section
varies from floor to floor as indicated in the following table:

Floor No, Pier crosg section Piér mesh f'ein‘i‘o:;cemepj.

%hiclmess i ‘mesh-

GI_E. in. M « 5_.no . . __Ome - in, :

7T x 7T 30.3'x 30.3 5 0,197 5x5 197 x 1,97

6l x 64 25.2 X 25.2 ‘ 0.158 6x6 2436 X 236
64, x 51 25.2 x 20.1 0.158 6x6 2.36x 2.36
51 x 51 20.1 x 20.1 0.158 6x6 2.36 x 2436

51 x 51 20.1 x 20.1 ————

*Puilding and Architechtural Construction Bureau of the Architectural Planning
. Mministration, City of Moscow Fxecutive Committee.

[ Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

Beams. Toe rectangular cross beams are of precast reinforced copcrete;
16 x 80 om. (6.30 x 23.6 in.) in section; one end rests on plers, the other on
outside walls.

Floors. Tne floors are of precast reinforced concrete slabs with hollow
cylindrical cells. Tne glabs rest on cross beams, except for the end .parts of
the structure,vwhere one end of the slsb rests on cross beams, the other on the
wall.

Pier-cross beam-floor sleb joint. This joint is shown on Plate 1, fig. c.
It should he noted that:

1) floor slabs fully cover each 1ift of the pier;

2) +the beams rest on 38 x 25 cm. (15.0 x 9.84 in.) reinforced concrete
bearing pads 14 cm. (5.51 1in.) thick.

Construction time table. The most important part of the construction work
was dope during the fallwwinter season of 1955-=1956. Foundations were laid in
the fall of 1955. Walls and piers of the 1st and 2nd floors were erected in
Jenuary-February; those of the 2nd and 3rd floors in March, 1956. The Sth floor
was completed during April-May of the same year.

Brickwork by freezing method, The wslls and plers of the 1lst, 2nd, 3rd,
and 4Eh $loors were erected in temperatures considersbly lower than 320F by the
sowcailed "freezing method". This method is defined by a competent Soviet
authority* in the following terms:

"Freezing of masonry work is effected in winter time. The mix mist .
have & temperature of from +8° %o +#12° ¢ (46.4 - 53.60F) when applied,
water and ingredients being heated for this purpose. The fresh
masonry work freezes and remains frozen during the entire cold period.
Tn the spring, when thaw comes, the setting process (in the masonry
work Jecontinues. The strength of the masonry work laid by freezing
method amounts ususlly to sbout 70% of the strength of the masonry
work erected under normal conditions'.

Failure'cf Two' Interior Piers and Its Consequences

On 17 May 1956, the pier at the intersection of axes 8 and B (Plate 1, fig.a)
apparently collapsed first, then the pier at the intersection of axes T and B.
This was followed by the collapse of 2ll pler and floor construction above them.
In the middle bay between exes 7 and 8 everything went clear down to the ground;
in two edjacent bays, the broken panels remained mostly suspended in the air,
hanging by their reinforcement embedded in the walls. Because of the fall of the
attic floor, the cornice brickwork was somewhat 1ifted, became warped and developed
vertieal end horizontal cracks. The beams were torn out of their wall Joints,
lesving holes in the walls, The outside walls, however, remained standing.

Photogreph of the failure is shown on Plate 2.

-~

¥L. K. Martens, Tekhnicheskiy Slovar®, 1939; p+ 538,:T9.M25

©lew
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. Causes of Failure

Post-failure examination of the structure , leboratory tests and recalcu-
1ztions disclosed the following facts as regards both meterials and construce—
tion wWork.

1. DMaterials
2) Brick, quality edequate.

b) Mortar, quality below specifications (Specifications called for
Mark 50 for summer comditions; Mark 25 for winter conditions after
thawiog and setting of mortar). Ibs strength was found to be
10-20 kgfen® (142284 1b/1in2 ). -

Reinforcement of the interior plers did not conform to the specifi-
cstions. Toe specificabions called for 5 x 5 cm. (.97 x 1.97 in.)
gteel mesh 5mm (0.197 in.) thick; instead, the bullders used .
10 x 10 cm. (3.9% x 3.9% in.) and 12 x 12 cm. (4.72 x 4.72 in,) mesh
% mn (0,158 in.) thick. Moreover, it was not placed in every bed
joint as required. As & result, the amount of reinforcement in

the piers was reduced from 1% to 0.33%. The weskening effect of

the ebove factors upon the brickwork may be surmised from the fol-
lowing tables

Kind of Ultimate Compressive Strength
Bricltwork
According to design Actual

g /cn” 1b/in° xg/on®  1p/in°

Reinforced, leid uader
sumer conditions. 63.0 895 32,5 1562

Reinforced, laid under winter 46.0 654 29.5 hgo
conditions afber thawing ard
getting of mortar.

2. Construction Work.

8) Toe gaps between the floor slabs acd pier brickwork at the beams
were not &lwoys properly filled. As a result, the floor slab load passed to the
beams ard beam bearing pade oa the pilers. Witn an wneven load distribution -
over thne cross sectlon of the pier (a part of the cxoss section being totally
{oactive becsuse of the wnfilied gaps), the brickwork under the beam bearing
pads ‘bee%me overstregsed; +he compressive strength at that point amounted to
36 kg/cn= (511 1b/in®) while the actual ultimate strength of the brickwork was
only 29,5 kgfem2 (419 1b/1n?).

=3e
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b) The sides of the floor slsbs cutbing into the pler and resting in
part on the beam were crushed. Recalculations indicated that in the transfer
of the slsb load through the beam sloue, the cozncrete between the hollow cells
of the slsb was under a stress of 243 kg/cm2(3,450 1b/in2). The sides of the
glshs resting on the beams of the first floor were taking up the weight of
constraction of the floors above them.

c) In some beam-pier joints & horizontal shift of beams was allowed
£o the extent of 12 cm (4.72 inm.); thus, additional moments were developed.
Photograph of such & beam is shown on Plate e

d) Asgembly of foundatlon blocks was found. to be faulty. The founds=~
tlom cushion at the footing was made up of three 80 cm. (31.5 in.) instead of
two 120 cm. (47.2 in.) blocks as required. The blocks were not covered with &
leveling layer. The blocks of the secomd row, perpendicular to the first, did
not rest sowndly on the lower blocks. Whatever the +11ting engle, additional
moments conld develop.

Considering the above facts it may be said the failure of the structure was
due to:

1., failure of the pler brickwork under the beam bearing pad on the
first floor; ' '

2, failure of slab sides resting on beams.

Reconstruztion

™e two ruined piers were replaced with two monolithic reinforced concrete
colums. Chaunel eteel was used as reinforcement (this is explained by the
necessity of meeting an early recomstruction deadline); comerete was poured as’
the reinforcement assembly was finished on each floor.

. ‘The foundations above the footlngs were strengthensd by reinforced concrete
casings on the assumption that thiz would ensure & more wiform trensfer of
forces Y0 the footings. Coluwm sachor bolis were enbedded in the upper part of
the casing.

Vertical section of & strengthened foundation is shown on Plate y,

Remaining brick piers were stremgtheped at the fowr corners with 75 x 75 x 6mm
(2.95 x 2.95 x 0,315 in.) steel angles held together with 60 x 8 mm (2.36 x 0.3154n. )
welded sbrips spaced at 50 cm. (19.7 in.) along the pler. The plers were then .
coverad with steel mesh apnd plastered. The clearance between the floor slabs and
the pier brickwork was to be carefully filled with tough cement and shinmed with
pleces of steel plate, )

Plan amd vertical section of & reinforced brick plerars shown on Plate 5.

-
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The fallen precast reinforced concrete beams and slabs were replaced with
steel beams and presumably solid precast reinforced concrete slabs respectively.
The other parts were reconstructed according to the original design.

Note
In considering the causes of feilure the following may be noted:

1) Weakness of the mortar was not due to its low quality but rather
to the fact that the wrong kind of mortar was used.

2) Granted that the pier-cross beam-flcor slab Joints were bedly
constructed by the builders, still the fact remains that the design of the jJoint
is of doubtful soundness.

3) In 1956, TsNIPS (Central Scientific Research Institute for Industrial
Construction) ran some tests on hollow slabs embedded in brickwork, the slabs
being of the same kind as those used in the structure under comsideration. It
was found that: ’

a) With brickwork mortar strength of 70 kg/cm2(995 l'béina), the
slabs failed at the load of 260 kg/cm2(3,700 1b/in2);

b) With the strength of mortar 15 kg/cm?(213 1b/in?), slabs failed
at 193 kg/cm2 (2,740 1b/in2).

Apparently, this information was unavailable to or neglected by the designers
of the d structure. At any rate, with the actual mortar strength of
10-20 kg/eme (142-284 1bs/in?) in the piers and 243 kg/em?(3,450 1b/in2) strapses
in the slabs that failed, the slab ends resting on beams of the first floor could
be crushed by the load of construction above them.

Thus, behind the failure, there is an inadequate design and negligence on
the part of the builders. |

Source

Moscow TsINIS. Causes of Structural Failures, pp. 17-24.
TH 34OL.M7

=0000000~
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Partial view of the collapsed structure,

RESIDENGE NO. 4h=46 XRASNOARMEYSKAYA STREET, MOSCOW,
Source: Moscow TsINIS, Causes of Structural Failures, p. 19. (TH 3401.M7)

PLATE 2
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RESIDENGE NO. Lh=h6 KRASNOARMEYSKAYA STREET, MOSCOW,
Source: Moscow TsINIS, Causes of Structural Failures, p. 19. (TH 3401,.H7)

PLATE 2
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Eccentric beam-pier Jjoint

RESIDENCE Mo, 44i-16 KRASNOARMEYSKAYA STREET, MOSCOW
Source:s YMoscow TsINIS. Causes of Structural Failures, p, 22, (TH 3401.M7)

"PLATE 3
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Conversion Table

in. cm.

13
25
39
85
1ns
16
124

. RESIDENCE No. h4-46 KRASNOARMEYSKAYA STREET, MOSCOW.
Source: Mocscow TsINIS, Causes of Structural Failures, p. 23. (TH 31;01.}17)I
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a) Clearance between floor slabs and piers filled with
tough cement and shimmed with pieces of steel plate

b) Pier (25,2 x 25.2 in.)

¢) Floor slabs of "PT" type,

4) RC beam (6.30 x 23.6 in.)

e) Brick pier (30.3 x 30.3 in.)

f) First story floor

Strengthening of piers with steel angles and bands

‘ RESIDENCE No. 44-46 KRASNOARMEYSKAYA STREET, MOSCOW
_ Source: Moscow TsINIS., Causes of Structural Failures, p. 2h. (TH 3401.M7)
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CHAPTER II
COLLAPSE OF A PART OF A RESIDENTIAL STRUCTURE (MOSCOW)
Location
16 Chaplygin Street, Moscow
Structure

Residential five-story brick structure with outside longitudinal load~
bearing walls and a single internal row of piers which support the cross beams.

Plan of the first floor is shown on Plate 6,

Origiral Plan of Construction

The structure was to be erected in accordance with the standard design »
Series P-Ol=l3, worked out by the Building and Architectural Construction
Bureau of the Architecturel Planning Administration » City of Moscow Executive
Committee (SAKB APU Mosgorispolkom), The original design, however, was modified
by the agency that did the actual construction work.

Construction as Actually Carried Out

Cross section and some structural details of the “ouilding both as originally
deslgned and as modified eppear in drawings shown on FPlate T, Tigs. 1 to 6,

The drawings suggest that two important changes were made:
1) a cellar with a row of interior plers was added;

2) the construction of the “pier-cross beam-floor slab" joint was
changed.

Modification does not seem to have affected other structural details. They
are the following.

Foundations. The structure is erected on continuous precast reinforced con-
crete foundations.

Halls. Wall material is Mark 100 brick laid in Mark 50 mortar., Thickness
of the outside walls is 51 cm. (20.1 in.) throughout; the inside walls are
38 ems (15.0 in.) thick.
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Interior piers. The piers are of Mark 100 brick laid in Mark 50 mortar.
Cross sectional dimensions of the piers vary from floor tq’ﬁ_.ooz.'"a.s folloys:‘

Flooxr: Cross section in cm. Cross secf;ion in inchess

Cellar T x 77 30.3 x 30.3

TT x 64 30.3 x 25,2
2nd 64 x 64 25,2 x 25,2
3rd 51 x 64 20.1 x 25,2
4th 51 x 64 20.1 x 25,2
;5'bh 51 x 51 20.1 x 20.1°

Beams. The rectangular cross beams are of precast reinforced concrete H
their dimensions are:

thickness = 16 cm. (6.30 in,)
width -~ 60 cm, 523.6 :m.g
length - 638 em. (20.9 ft.
One end of the beams rests on longitudinal walls, the other on interior piers.
Floors. The floors are constructed of Precast reinforced concrete slabs;
their dimensions are:
width - 120 cm.
length - 358 cm.

One end of the panels rests on the cross beams s the other on the transverse walls.

thiclmess - 16 cm, 26.30 mo)

y7.2 m.g
11.8 ft.

Pier-cross beam-floor slab )_Jjoint. On every floor, the tops of interior plers
provide support for both the floor slabs which fully cover them at this point
and for the cross beams. The original design envisaged a reinforced concrete
socket under every cross beam and at least a prartial reinforcement of plers with
steel mesh.” (Plate 7, fig. 3). Later, it was decided that, in the projected
cellar, the reinforced concrete sockets should be replaced with 38 x 38 em -
(15.0 x 15.0 in.) reinforced concrete bearing pads, In the course of construce
tion, however, these pads were replaced with 35 x 25 cm. (13.8 x 9.8% in.) steel
plates 12 mm. (0.472.) thick., Moreover, the pillar bricikwork was not reinforced
with steel mesh. (Plate 7, fig. 6).

Construction time table. Earthwork and foundations, walls and piers of
the cellar were completed in the fall of 1955 in temperatures above 32° F,
The work on the rest of the building, including the 5th floor » was done during
the winter of 1955-1956 in temperatures considerably lower than 32°F, The
floors of the 2nd, 3rd, 4th, and S5th stories » completed under winter conditions 9
were strengthened by wooden supports which were placed under cross beams beside
the interior piers.

=12~
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COJJ.a.pse »of the Structure

The structure colldpsed on 15 April 1956. Apparently, this happened as
follows. First jthe interior pier in the cellar collapsed (intersection of axes
10 and B, Plite 6) This was followed by the collapse of all pillars and floors
above i‘b. Under the welght of the fallen floor panels, the cross beams were
cut off at +thelr supports at the walls, Some panels went down, some remained
hanging, held by their reinforcement still enmbedded in the walls. With the
floors collapsed, a considerable portion of the front wall went down and the
end wall became warped. The wréckage is shown on Plate 8.

The Causes of Collapse

Two factors seem to have contributed to the collapse of the pier in the
cellar., They were the following:

1) Uneven quality of the brick and mortar. The brick was certified ‘o
be of Mark 100 but much of it proved to be of Mark 50. Analysis of the mortar .
taken oubt of the bri oints had shown that its maximum compressive strength
vas 29 kg/cm? (412 1b/mé§ instead of 50 kg/cm? (710 1b/1n2) The load bearing
capacity of the pier brickwork suffered accordingly.

2) Imadequacy of the pler-cross beam-floor slab Joint., The idea of
the reinforced concrete sockets and bearing-pads having been abandoned, the Joints
of the cross beams with the pier, were, in the end, made on steel pl&i;esﬂ!&heat
the, steel mesh reinforcement of the underlying brickwork. Therein 1lies the other
reason for the collapse of the pillar - local overstress at the steel plates.

The area of these plates being scme 60% smaller than that of the rejected rein-
forced concrete bearing pads, a considerable increase in local stress was to
be expechbed. Post-fallure recalculations hage indicated that local com~
pressive stress amounted to some 35-40 kg/in=  (498-569 1b/in“) at the plates.
This raises the question of the structural soundness of the entire pier-cross
bean-floor. slab Joint. It seems thats

1) a more uniform distribution of load to the pler could be
. achieved through a reinforced concrete socket rether than
through the steel plates or even reinforced concrete psd.s.

2) the floor slabs fully covering the top of the pier on one
floor meke the proper centering of the pillar on the next
floor rather dif‘.ficul‘ts, eccentric loading of the improperly
oentered pier ‘would create bending moments 2 thus weahening

the load-bearing cap&city‘ of the br:l.ckworko

Reconstruction

The collapsed portion of the structure was reconstructed as indicated in
pert on Flate 9.

The interior pilers on a&ll floors were rep:lace_d with 38 cm. (15.0 in.) thick
walls with pilasters which provided support for the cross beams.

13«
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The end wall was strengthered on the outside by three 38 cm. (15.0 in.)

@ “thick brick dlaphragms which extended to the end wa)l of the neighboring
building.

Construction of the floors was lightened. Wood penel subflooring was
introduced, on wood beams laid on cross beams and brick walls. Precast rein-
forced concrete slabs were used only ‘arownd plmibing installations, and for
the ground floor. The support for these panels was provided by reinforced -
concrete beams 1aid in the face of the walls in addition to the cross beams.

The interior piers in the cellar and on the first floor of the undamsged
part of the structure were to be strengthened with steel angles.

Source

Moscow TsINIS. Causes of Structurel Failures,
Pp. 12-1T7, TH 3401, M7
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The collapsed pier is marked with a circle
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Conversion Table
oM,

218
320
360
430
640
T
3,582

RESIDENCE No. 16 CHAPLYGIN STREET, MOSCOW
Source: Moscow TsINIS. Causes of Structural Failures, p, 13, (TH 3401.M7)
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General view of the collapsed part

RESIDENCE No. 16 CHAPLYGIN STREET, MOSCOW
Noscov TsINIS: Causes of Structural Failures, p. 15 (TH 3401.M7)

PLATE 8
wlT= |
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1. Brick shoring diaphragms
2., The wall of the neightoring tuilding

Reconstruction: Plan of the walls, -

Conversion Tatle

10 3,94 51 .l
2 4,72 LN J0.5
13 5.12 a2 12,3
31 12.2 167 6547
32 12.6 320 126.0
33 13.0 160 1417
18 15,0 640 262.0

RESIDENCE No, 16 CHAPLYGIN STREET, MOSCOW
Source: Moscow TsINIS. Causes of Structural Failures, p. 16 (TH 3401.M7)

PLATE 9
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CHAPTER III
FRONT WALL FATLURE IN A RESIDENTIAL STRUCTURE (MOSCOW)
Ioca.j:iorl
53 Ge‘rtsen Street, Mogcow.
Stgucture.

Residential four-story brick structure with outsidz load-bearing -wa:l.‘ls and
interior longitudinal wall.

Construction

Front elein.tion, pli:.n and cross section of the front wall are shown on
Plate 10.

Walls. Walls are of Mark 100 brick laid in Mark 50 mortar. Thickness of the
exterior walls is 64 cm. (25.2 in.); the interior wall is 51 cm. (20.1 in.) thick.
On the outside, the walls are faced with L-shaped ceramic tiles of the XKG type with
vertical sides 7 cm. (2.76 in.) thick. -

Beams. Floors of the 2nd and Lth stories are supported by steel I-beams No. 4o
(weight unspecified; see SES Report No. 1, Table 1.02538) 6.8:m. (22.3 £t.) long;
bey length is 3.6 m: 731.8 ft.). . The beams rest at one end on the outside wall
piers, with the other on, the internal longitudinal well. The, floor of the 3rd
gtory issupported by precast feinforced concrete beams of 60 x 16 cm. (23.6 x 6.30 in.)
cross section. ' )

Floors. The, floors are of precast reinforced concrete paxfels of the FPRT type.'
On the 2nd and LUth floors, the panels rest on the lower flanges of the steel
I-beams; on the 3rd floor, presumably on the precast reinforced concrete beams.

L Construction time table. Wall brickwork of the first thrée stories was
erected by freezing method during the vinter. By 18 April 1956, a part of ‘the
hth floor wall was completed. ' .

e

Partial Collapge of the Front Wall

On 18 April 1956, the part of the wall around the main entrance collapsed,
carrying 'down with it a three-bay length of the 1st, 2nd,: and 3rd floor construc-
tions. '

" Ca.uge‘é of Failure =~ -

The follapse of the wall vas‘dﬁe to the failure of two front wall plers
f1anking the front entrance.

The wall piers, of 126 x 64 cm. (49.6 x 25.2 in.) cross section, and
b.am. (13.5 £t.) high, are shown in plan on Plate 10.

]
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Abparently fhg piers failed through’ inadequate '1oad=beariné capacity ét the.

‘time of thaw, vhen not even-temporary bracing wes ‘provided. The piers were further
weakened by the following factors: e ' .

. 1) The bricklayers used choppedaoff tops of hollow ceramic blocks
to level their courses. These pieces, 20 mm., (087 in. thick were obtained
on the site (See Plate 11, fig. 1).

2) The horixontal ‘brick joints behind the ceramic :to:cing vere )
inadequately filled. Examination of such joints in the remaining piers disclosed
that some of them were dry to a depth of 15-1T7 ax. (5.91-6.70 in.).

Reconstruction

Main details of the reconstruction of the'wall are shown in plan on Plate 11,
fig. 2.

Cross section of the hew wall piers was enlarged from 126 x 64 cm. °
(49.6 x 25.2 in.) to 130 x 64 em. (51.1 x 25.2 in.). Part of their load was
transferred to the adjoining 64 x 51 cm. (25.2 x 20.1 in.) pilasters which were
erected under the beams.

Note
Assuming that the piers were correctly calculated, it would seem that:

. 1) the designers failed to specify (and the builders managed to
neglect) the measures to be taken (temporary bracing under the beams, for instance)
at a critigal moment when masonry structures enter the thawing period.

. 2) iptrodu}:tion of ceramic block tops (possibly cut unevenly and
even cracked) 1n pier brickwork may have weakened them.

3) the faulty brick joints between the tile facing and the body of
the piers vea.kzned‘the. plers considerably; the depth of dry Joints was more than
twice that allowed by the Soviet "Norms and Technical Requirements". Regardless
of regulations, however, it is clear that such construction is subject to addi-
tional moments which reduce the load-bearing capacity of the piers.

One is inclined to conclude that in this case, builders' negligence rather

" than faulty design or materials was responsible for the failure of the wall

Source

X Moscow TsINIS. Causes of Structural Failures, pp. 30-33. TH 3401.MT
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CHAPTER IV
COLLAPSE OF A PRECAST REINFORCED CONCRETE FRAMEWORK (UKRAINE)
_ ) o TLiocation
Village by the Mikhailovskaya mine No. 12, Voroshilovgrad Oblast', Ukrainian SSR.

Structure

Residential 36-apartment four-story precast reinforced concrete frame
gtructure with a cellar., Some of its measurements are:

Length 19,32 m (161 'ft.)
Width 11.50 m (37.8 £t.)
Cubage 912,00 m3 (332,000 £t3)
Living area 1095,00 m2(11,800 £t2)

Twb settlement joints cut through its entire width and height, dividing it length-
wise in three 16 m.(52.5 ft.) sections.

Front and side elevations of the structure are shown on Plate 12, fig..1l.

“

‘ i Construction
Isometric view of the building is shown on Plate 12, fig. 2.

" “Phe” structure is composed of 18 transverse four-story precast reinforced
concrete frames which provide suppotrt for' the precast reinforced concrete floor

panels. v

Gonstruction of joints. Column and beam-column joints are made monolithlc,
by first welding the reinforcément, and then covering the weld with expanding
cement.

Panel and beam-panel joints are reinforced with steel mesh and plates,and
are also made monolithic.

_ Structural materials.

1) Besides the beams, columns and floor panels, the following gtructural
. members are also of precast reinforced concretes stairways, stair-heads;,

cornices, outside wall panels and smoke and ventilation stack .casings. °

2) Precast reinforeed concrete ribbed panels of the outgide walls are
ipsullated with foain concretes

3) The walls between sections of the structure and between the apartments:
‘ are of sllag cotickete-blocks.

23~
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i) Partitions—within-the apartments are of :;j/psum panels,

5) Foundations and cellar walls are of rubble concrete.

Total Collapse of the Framework

- Some phases of“the construction work may have been started some time' in the
Iatter part of 1953, By, the end of July 195L, the following was accomplisheds

T) Toundations, c€llar walls and ground floor were completedsy

2) all I8 transverse frames were erected;

3_) floor panels were partially in pllacey

LiY on the 1st floor of* the x;chird s.éction, 4 part of the between-section and
of two between-apartment sliag concrete walls were in the process of erection.

On 28 July 195, the entire superstructure went down in the general direction
of its longitudinal axis.

The debris: is shown in photographs on Plate 13, figs. 1 and 2.

Caugses-of collapse

The immediate cause of the accident was ascribed to the force of wind from
the west which, as reported by the Voroshilovgrad airport meteorological station,
reached the velocity of 1l - 18 m./s. (31 =~ LI mph)on that day.

The real cause, however, should be sought '‘somewhere else,

Erection schedule of the superstructure required thats

1) erection of the structural members of the first two floors be
completed and all joints made monolithics

2) only following this, the same procedure was to be applied to the next
tyo floorsy before the joints were made monolithic temporary bracing was to be
provided.

This procedure was: disregarded in practice.
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" Béfore completing the first two floors (that is, before the Joints were
made monolithic, the outside wall panels installed,and the internal walls built),
the builders erected the members of the 3rd and UYth floors without making the

Joints permanent or even using temporary bracing. Prior to its collapse, the
structure remained unfastened for 13 days! Strong wind was sufficient to bring
it down.

Note

The stiffness of the joints and the stability of the structure as & whole
were apparently sufficiently ensured by the designers. Assuming that the quality

of structural materials was adequate, the collapse of the structure was due to
an extraordinary display of negligence on the part of the bullders.

Source

Moscow TsINIS. Causes of Structural Failures,
Ppo _38"'42' TH 3401-M?
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. Topueboi gacao

Fig. 1. Front and end elevations of the structure
a. Front elevation., b, Settlement joint, c¢. End elevation

Conversion Table

cms  in,  ft.

Fig. 2. Isometric view of the structure at the time of collapse

-

RESIDE'TTAL PRECAST REINFCRCED CCICRITE FRAME STRUCTURE AT A VILLASE TY THE
MIKHAY LOVSKAYA MINE No. 12, VCRCSHILOVGRAD CPLAST', UKRAINIAY SSR

Source: Moscow TsINIS, Causes of Structural Failures, pp. 38-42 (TH 3401.,M7)
- PLATE 12 -26-
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Fig. 1. View looking toward the front wall

Fig. 2, View looking towsrd the end wall

() GENERAL VIEWS OF THE DEBRIS AFTER THE COLLAPSE OF THE RESIDENTIAL
STRUCTURES BY THE MIKEAY.LOVSKAYA MIRE No. 12
(Coptions in the original seem to be interchanged)
Sources Moscow TsINIS. Causes of Structural Failures, pp. 38-42. (TH 3401,M7)

PLATE 133 -27-
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CHAPIER V
RACKING OF A I.AK}E-;PAI\IEL FRAMELESS RESIDENTTAL STRUCTURE (MURMANSK)
location |
City of Murmensk
Coordinates .
Iatitude ; 68° 58t N; Longitude - 33° 05' B
Structure
Four-story large-panel frameless residential structure with cellar.
Construction

Plan end photograph of the structure in the process of erection are shown on
Plate 14, figs. 1 and 2.

Oversll dimensions: .-

Width 65
Iength 15
16

3

Height
Helight of &
story

2
6
0

3 £5.)
5. ) estimated
8 ft.)

Footings. Material: Mark 100 reinforced concrete.
Thickness: . 0.20 m. (7.87 m.;
Width: under outside walls 1.45 m. (4.75 £t
under partitions 1.40 m. %4.60 £5.)
under stair partitions 1.25 m. (4.10 £%.)
Reinforcement: 10mm (0.39% in.), spaced 0.2 mm (7.87 in.)
trapsversely and longitudinally.

Foundation walls (Cellar walls ): Contincus monolithic concrete.

Wall thickness: outside walls 0.75 m. (29:5 1in.)
ingide walls 0.3=0.5 m (11.8-19.7 in.)

Upper walls: Large room-size concrete panels. - - .-
. Panel thickness: o - 0.3 m. (11.8 In.,)"
Panel composition: outside reinforced . 40 mm. (1.60 in,) thick
concrete layer 7 T o
middle foam comcrete 210 mm.(8.26 in.) thick
layer . .
inside reinforced 50 mm. (1.97 in.) thick
concrete layer
The inner and outer reinforced concrete layers of each panel are joined by
reinforced concrete ribs around the perimeter and around the wivdow opening.

=28
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~ Yertical Jolnt of exterior wall panels. These joints are made monolithic by
welding the reinforcement and £illing the Joint with mortar or concrete. They
are bmceq. by reinforced copc:oe_.te pilasters.

Yo am

Partition panels. The partition panels consist 'gf a8 reinPorced concrete frame
£11led with slag concrete. They are 0.14 m, (5.511n.) thick.

-

Floor slsbs. The flat solid slabs are of Mark 200 reinforced concrete.
They are 90 mm. (3,54 in.) thick. Slabs are Joined monolithically by welding the
reinforcement and filling the joint with mortar or concrete.

Reinforcement working stresses. These stresses are as follows:

for round steel 1,700 kg/cm§(2ll-,200 lb/irig)
for deformed bars 2,400 kgfcm” (34,100 1b/in®)

Stairways and cornice. Both stairways and cornice are of precast reinforced
concrete.

Roof. The roof has wooden rafters and purlins.
Roof.’ggg. The roof is covered with black steel sheets. )
Geological conditions at the site. The structure was erected on soil com=-

posed of lo%m and sandy loam layers. Soil préssure was assumed to be 1.25 kg/c:m2
(2,560 1b/£t=). Soil characteristics are the following:

. Soil Characteristics Ioan Iayer (plastic) Sandy loam layer

Natural moisture content 20 - 32%, . o, 19 -27%

Volume weight (natural moisture) 2.03 tym’ (126 1b/£t3) 1.23-1.53 tﬁq?
: (76.6-95.3 1b/£t3)

Porosity 0.781 (coefficient) 39-49%

Plasticity 9-15 '

State of saturation nearly complete complete

Test drillings indicated that ground water level in that locality was at the
depth of 1-3 m. (from 3«10 f£t.).

Signs of racking

The erection of the building was apparently begun early in 1955 and complgted
early in 1956. .
. On 25 May 1956, first cracks were noted in the walls of the cellar. In the
external wall (between axes 1-U4, Plate 14, fig. 1), they were vertical and Smm.
(0.2 in.) wide; in the interior wall (between axes 1-4 and C) they were hori-
zontal and also Smm (0.2 in.) wide. Numerous cracks, up to 2mm (0.08 in.) in
width, were discovered in the panel joints but none in the body of the penels.
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Gypsum "screeds" applied to the cracks in the cellar walls and in the panel
joints on the 4th’ floor registered éracks up to 1 mm. (0.0 1Aa:) in width quiing’
8 10 day period of obsérvation. The vertical cracks tapered off in the direction
from the cornice toward foundetions. )

The "screeds" applied between 16 June and 18  June 1956, to the wall panél’
joints on the 2nd, 3rd and Uth floors reglstered cracks 0.l mm (0.004 in.) wide
in a 2 day period.

on 6 July 1956, extensive damage was observed (along axes 3 &nd 4, Plate 1M,
fig. 1) in vetical joints of the external and internal walls as well as in the
trensverse joints of the floor slabs. The joints of the cornice panels widened
o 30 mm. (1.2 in.) beyond the clearance allowance (Plate 15, fig. 1), Inspection
disclosed that reinforcement was torn out of concrete, and that the 1.2 in. gap .
in the cornice corresponded to a 1.2 in. crack in the attic floor slabs. Similaer
damage was observed in the panel joints of both longitudinal wall and partition.
Attic floor slabs (along 3 and 4) moved apart a distance of 20 = 25 mm. (0.79-0.98 in.)
Tais may be explained by the fact that reinforcement projections, i.e., the rods
joining the adjacent floor slsbs together, did not coincide; being placed under
an angle they could not prevent the separation of the panels, (Plate 15, fig. 2).

Settlement of foundations. Examination disclosed that the soil under the
foundations was sodden loam.

The settlement of foundations proceeded at the following rate:

August 1956 12 mm./month (0.47 in. /month)
October 1956 6.8 mm/month (0.27 in./month)

The average settlement of foundations for the period of construction (assuming
that it started in October 1955 when the erection of the first floor panels was
begun) emounted to 120 mm (4,72 in.). Relative difference in the settling of
foundations is approximately 0.00L.

Causes of Racking

The main causes underlying the racking of the structure were the following:
1. Compressibility of the soil under foundations was uneven.

2, Repeated wetting and freezing, and subsequent softening of the soil
arownd foundations (axes 1-4) in the course of construction. .

3, Freezing of the base of external walls and partitions.

i, Construction of the part of the structure where axes 1-4 are loceted
1agged 2 stories behind the erection of the other parts of the building. The
uneven loading of foundations may lead +o uneven settlement of foundations and
result in additional stresses in the joints.

The damage caused by racking could have been probably reduced if the joints
were at least strong enough to prevent the tearing of reinforcement out of concrete.
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xﬁl’éi‘i:éd“éi’"i‘,hé‘liél& of
15 pirt of the Stristié Gaused by the presente of Hhe
gtair-well:. ( i ‘addition to the fact ‘that' this part of the ‘Structure was®
crected Slower than the rest of the building). It is-gliggested that a3 long'as the
contifnity of ‘floors had to Be interrupted by & stair-well , the 1088 of ‘hece 88Ty
16ngitudinal stiffness in this part of the structure could bave been compensated
by : o ' : o

1. additional welding of the stair panels to the wal1 panéls and floor

glabs;

2. a.ppilica’ciipn of reinfox;cemeht mesh in 'bh;e horizontal Joints of the
longitudinal walls. . .
Tavestigation of the aboﬁahscrimd cagse was apparently undertaken by &

group of engineers ‘with a view to £illing & gap in the 1955 issue of ¥The Norms
and Technical Condition" (NiTU - 127 - 55). '

It appears that the norms Por the maximum foundation deformation values for
precast andvla;rgeupe.nel structures are not mentioned in the ‘pub:_uqttiqg._ s

" Upon completion of thelr investigation, the group submitted the fonohmg_
recormendations: ' -

1. Soil conditions &t the site should be thoroughly investigated; at
least 3 te.:s't drillings should be mede within the outline of the projected structure.

2, In calculating the mgn'?.tude of expected foundation settlement in
plastic loam, the maximm value of average gettlement should be taken as '80 nm
(3.15 in. ), and the relative maximun value for the difference in settlement as
0.0005. : _ .

3, In order to reduce uneveness in the settlement of foundations the
reinforced concrete footings should be monolithic and continuous.

4, The panel-reinforcement joints should be stronger than the welded rods
connecting 2 adjoining penels (preventing the pulling of reinforcement out of
concrete ). '

'5, Connecting rods in floor slabs should be perpendicular to the edges
of slabs.

6. The total strength of joints should be the same for any trensverse
section of the structure. .

7. Freezing of soil under foundations ‘should be prevented in the course
of construction.

8. Erection of one story should be completed before the work on the
pext story begun; uneven loading of foundetions may thus be prevented.
Source ) ’

Stroltel'paya Promyshlennost’, No. 5, May 1957, pp. 9-11.
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Fig. 1. Plan of the structure
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Fig. 2. Viev of the structure at the end of erection

DAMAGED RESIDENTIAL STRUCTURE AT MURMANSK
Source: Stroitel'neyn Promyshlemmost!, No. 5, May 1957, p. 9

PLATE 14
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Separation of slabs :ln the attic floor

3 Bo: 5, Mey 1957, p: 10

rig. 2,
STRUCTURE AT MUBMANSK

DAMAGED RESIDENTIAL

|
g
:

Source:
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CHAPTER VI
CONDITION OF OLIER CLINKERLESS CEMENT BLOCK BULLDINGS (MTTDLE URAL)

) Tn view of the expansion of the Soviet building industry, Soviet scientists’
began of late (the Source of informétion aé of July 195T) £6 give Serious con-
sideration to the utilization of various locally produced binding substances:
The thoughtapparently is to substitute them for clinker cements in some structures.
Tis led to & restudy of the éxperience gained with cementless building blocks in
the course of thé 1930-1934 constriction périod, ds well as to the inspection of
buildings of that and later periods which still remain standing.

This inspection was undertaken because, even in the inclement climate of the
Middle Ural region, blocks made of local binding substances were sufficiently
durable to suggest that the use of this material could be extended.

. In many cities of the Ural region, buillding blocks of 1:2 lime-diatomite com~
position were widely used in comstruction between-1930 and 1933; Nizhnily Tagil and
Sverdlovsk utilized Kamyshlov distomites with 75%-T8% silica content; Magnitogorsk
made use of Troitsk diatomites with 80% ~88% silice content.

Data on Lime -Diatomibe Blocl;s

Crushing machinery crusher-roll mill
Mixing machinery mortar mixers; small capacity concrete
mixers -

Aggregate bhardpan, cinders, boiler slag, broken
brick, gravel, serpentine, bloated slag,
granulated slag.

Binding substance ratio 1:4-4+10 by vol -

Volune weight of concrete 1,400-2,200 kg/m”(87-138 lb/ﬁ;B) depend=
ing on the kind of aggregate

Block curing Steam -~ 2 hours

Average Mark of blocks 25 kg/cm2 (355 lbéina) - fluctua.jées from
15 to 35 kg/em=(213-497 1b/in®)

Frost resistance test 5=15 freezing cycles

Photograph of & wooden frame structure with wall filling of the above described
blocks (built in 1932) is shown on Plate 16, fig. 1. :

Twenty-four such buildings (studer dormitories) disintegrated after 2.4 years
of occupancy. Incipient wall disintegration (bulging) because of erosion and suce
cessive freezing of the lower part of masonry may be seen in photo-on Plate 16,
fig. 2. Plate 17, fig. 1 shows the state of the buildings after 3=l years of
occupancy.

One building of lime-diatomite blocks in Sverdlovsk lasted 23 years. Three
such buildings stand (after a fashion) to this day; one of them is shown in photo
on Plate 17, fig. 2. A few blocks taken out of the walls of this building were
{egted with the following results:

Hollow blocks ultimate strength 6 kg/cm>(85 1b/in®)
Brick aggregate blocks ¥ " 70.19 kg/cm?(142~280 1b/ in®)

3l
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Also, in Sverdlovsk, 2 three-story frame houses with lime-distomite Block
walls are still to be ‘seen. . A few Jears after thé erection, the bulging walls of
these bulldings had to bBe shored with angle braces as shown in photograph on”
Plate 18, fig. 1. "Especially damegéd were the parts of the wall wider the windows
and around broken drdin pipes (Plate 18, fig. 2.).- Test blocks taken from the
firé wall in the attic had ultimete Strength of 21-30 kz/cm2(298-425 1b/in2).
Their entire surface, however, was covered with fine setting cracks.

Whén the diatomite (or any other bydraulic additive ) absorbs lime, the initial
voluwie of 1its particles increases, When blocks are latar placed in a dry mediim,
setting takes place; it -causes considereble internal stresses in the blocks and,
not infrequently, micro-cracks which seriously reduce the frost-resistant pro-
rerties of the blocks. )

In Nizhniy Tagil, 6 barracks and & school built in 1934 (1lime-diatomite bldcks
with béller and granulated slag aggregate ) bad to be demolished as totally unfit
for occupancy.

. Parts of lime.diatomite block buildings in various stages of disintegration
under the influence of outside moisture are shown in photogrephs on Plate 19,
fig. 1 and 2.

A pertial view of a lime-diatomite block boiler house is shown on Plate 20,
fig. 1 after the blocks in the part of the wall had been replaced with brick and
the disintegrated buttresses with logs. ) i

The lime-diatomite blocks mey disintegrate even under dry conditions. A
part of a crumbling hollow block wall in & dry industrial shop is shown on Plate 20,
fig. 2.

A method was found, however, of increasing the durability of these blocks,
pamely: +the addition of portland cement to the lime-diatomite ‘combination. The
blocks made by this method were composed of portland cement s lime, diatomite and
hardpan in the ratio of 1l:1:3:10. ,

A four-story residential structure was built of large blocks of this type in
Sverdlovsk (No. 8 Petrovsky street) during the winter of 1929/19302 Twenty-seven’
Yyears afterwards, the condition of blocks in the walls was found to be fully satis-
factory. No serlous signs of disintegration were discovered.

Besides cement-lime-diatomite and/or lime«diatomite block structures, some
hougses in Nizhniy Tagil were built of lime-cinder blocks which contained some
15-16% of lime. These blocks were of two kinds » with coarse aggregate such as
broken brick or boiler slag, or without coarse aggregate. 1Iwo 2-story unplas-
tered houses bullt of those blocks in 1934 are in a comparatively good state.

Houses built in Nizhniy Tagil and Magnitogorsk of large and small lime-slag
blocks are in an even better state Sf_preservation.

A corner of a house bullt of 253 x 79 x 45 cm, (99.6 x 31.1 x 17.7 in.)

lime-slag blocks in Magnitorgorsk in 1934 is shown in photograph on Plate 21,
fig. 1.
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Wall blocks in this and three simildr houses are in satisfactory condition;
the plinth seems to require some attention.

Lime-slag cement plants were built in Nizhniy Tagil and Magnitogorsk presumably
in the early 40's. This led to local menufacture of smell building blocks with
the following properties:
i Lime-slag cement 250~350 kg/m>(15.7~22 J.béﬁ'j)
Average Mark of blocks 35 kg/cm=(497 1b/1n2)
Volume weight 1,450-1600 kg/m>(91-100 1b/£t3)
Freezing test after 5=7 cycles (Nizhnly Tagilsk)
menufacturing 8-12 cycles (Magnitogorsk)
Specimen after 3 months in 2662 kg/cm2(370-880 1b/1n?)
the wvall - ultimate
strength
Freezing test of the abowve 10-11 cycles
Structures buillt of those blocks in 1945 and later are in satisfactory condition.

Inspection of the above described buildings resulted in the following recommen-
dationss

1. Cementless blocks on lime~-diatomite ani Jime-tripolite base, such
as were used in the Ural region, are insufficiently frost resistsnt
and durable. They should not be used in construction of outside
walls.

Small and large blocks on lime-diatomite (tripolite) base with
addition of Portland cement are sufficiently durable. They may be
used in outside wall construction, provided:

&, Mark of blocks is not lower than 35 kg/cm?;

b. Block frost resistance is not lower than 10 standard cycles;

c. The plinth blocks are of & more frost resistant material and
are properly waterproofed;

d. The overhang of the eaves is increased (Plate 21, fig, 2)

e. The window openings are faced with frost resistant material.

Lime~cinder blocks (cinder composition based on laboratory and
factory tests) are more durable than those of 1ime~diatomite .
Menufactured with the addition of TO kg/msof the clinker cement,
such blocks may be used in outside walls of buildings which are
not higher than 3 stories. They must comply with conditions of
paragraph 2 gbove.

Small and large blocks on lime~granulated blast furnace slag
base form a fully satisfactory wall material which withstood the
20-25 year service test under relatively severe conditions. It
may be recommended as wall meterial for substantial structures.

In the manufacture of lime-slsg cement s activated granulated blast furnace
glag should be used. Its specific gravity should not exceed 0.9, its manganese
‘ gontent should be less than 3%, its adhesive value should not be lower than

150 kg/cm2(2130 1b/1n2),
-36-
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Composition of light concrete should be so selected that the strength of

soldd blocks 1s at least 50 kg/cm?(710 1b/in2), and of hollow blocks not less
than 35 kg/em@ (497 1b/1in?), /128, )

Note:

It may be assumed on the strength of the above study that greater use of
lime~slag blocks in the Soviet building industry is indicated.

Source

Stroitel'naya Promyshlennost!, No. 7, July 1957, ppe 2-7
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Fig. 1. Residential structure with wood frame and lims-dintomite
block filled walls (built {n 1932).

Fig. 2. Incipient disintegration of lime-diatomite block
walls 2« years after erection.

LIME-DIATOMITE BLOCK STRUCTURES IN THE MIDDLE URAL REGION
Source: Stroitel'naya Promyshleunost!, No. Ty 1957, P 3

PLATE 16
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Fig. 1. Disintegration of the structure 3«4 years afier erection

rig, 2. Lime-diatomite block structure in Sverdlovsk 25 years
after erection (strength of hollow blocks: 85 1b/in?)

LIME<DIATOMITE BLOCK STRUCTURES 1N THE MIDDIE URAL REGICH
Sourca: Stroitel'naya Promyshlennost!, No. T, 1957; pe 3

PLATE 17
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Fig. 1. Outside appearance of a 3<story lime-diatomite structure st
Sverdlovek 25 years after erection (the walls were shored
& few years after erection) .

Fig. 2. Disintegration of the mll r .windova and around the

drain pipe (strength of the blocks 4n the fire walls
208425 1b/in2) '

LIME-DIATOMITE RLOCK STRUCTURES IN THE MIDDIE URAL REGYOH
Source: ftroltel'naye Promyshlennost', No. 7, 1957, pe b

PLATE 18-
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Disintegration of a corner of a store caused by excessive

woisture; (part of & bm%:en drain pipe appears at the

el g
& Ao

X X . .
Pig. 2. Disintegration of blocks under window

LIME-DIATOMITE BLOCK STRUCTURES IN THE MIDDLE URAL REGICH

Source: Stroitel’naya Promyshlemmnost’, No. T, 1957, Pe 5 &6
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rig. 1. Disintegration of a wall in a boller house;
the block wall was replaced with brick; logs took
Place of disintegrated buttresses)

Mg. 2. mtimmwthm face of &

industrial shop. (Hhop operstional
have contributed to the demage).

Bource: Stroitel'nays Prqm.g;nws', Mo. T, 1957, p+ 6
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LIE-SLAG LIME-DIANONITE STRUCTURES IN THE NIDDLE URAL REGION
m?mmux*m Promyshlennost’; %o. T, 1957, ¥P. 5¢6
PLAYE 21
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CHAPTER VII

A glghied srticle in a rééént (March, 1957) Soviet building trade magazine

indicates that faulty construction is widespread in White ‘Rusqia;. o

The names of the building organizations, officials énd engineers responsible

£or the poor work dre given in the article: Further substdntistion is provided -

by four photographs of defective structures (Plate 22, figs. 1l-4) and the follow-
ing additional facts:

1. During the construction of a publishing house for the Central
Committee of the White Russian Commmist Party at mnsl_::

a, reinforced concrete:lintels of inadequate length were used;’
b. reinforced concrete floor slabs (presumsbly precast) were of
inferior quality; - '

c. ‘the brick used was of such poor quality that load-bearing
piers collapsed under partial loed.

Tn & 156- apartment residential structure on Stalin Prospect’
(Stalin Street) at Minsk, the collapse of a combined ventilation-
smoke uptake led to the collapse of floor slabs, presumibly

on several stories.

. Tn a residentisl structure housing the workers of the Minsk watch
factory, five floors collapsed because 6f the low quality of wall
construction and feulty joints of panels with their supports.

Similar mishaps occurred &t 'ot\her building sites in Minsk.

Tn 1956, at Minsk, tenants had moved into 16 residential structures
before the construction was completed and the building accepted

by the State Commission. The occupancy was authorized by the
Minsk City Executive Committee whose duty it was to -cambat such
practices.

6. At Vitebsk, a case of structural failure took place.

T. At Mogilev, the finishing work in a series of residential structures
was unsatisfactory.

The srticle ends with the following challenging words:

"Me editorisl office awaits informetion from the Ministry of Urban
and Rural Construction as well as from the Ministry of Construction
of the White Russian Soviet Socialistic Republic concerning the
measures adopted with a view to improving the quality-of construction
work so that this information can be published in thls magazine'.

gm‘ce
Stroitel!; No.'3, March 1957,.p..13.-
e
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EXNELES OF IRFECTIVE COMSTRUCTION IN VHITE RUBSIA
Bource: Stroftel!, No. 2 Maxch 1957, pe 13
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CHAPTER VIII ®

DEFECTIVE RESIDENTIAL STRUCTURES IN A WORKERS' VILIAGE
BY THE NOVY~-GOR'KI REFINERY .

There is no doubt that the Soviet authorities are digsatisfied with current
Soviet building standards.

Whatever other methods may be employed to improve these standards, one of
the methods appears to be giving widespread adverse publicity to hapless builders
and their fqulﬁy works,

" Thus, under the gemeral heading: "The Facts Accuse The Bradkodiely (the
rejects makers)", a trade magazine published, ip October 19456, a page of 7 photo-
graphs of defective structures with rather caustic captiong. The editors did not
apparently think that an explanatory text was needed to accompany them.

Four photographs "take to task" Trust M. 11, (and its administrative chief)
of the Congtruction Ministry for the Petroleum Industry Fnterprises of the USSR
by depicting structural defects in residences of workers' village by the Novy
Gor'ki refinery. These photographs are shown on Plates 23 and 24.

Two photographs provide examples of poor construction work by the
"Kiivorozhstroi® Trust; one photograph gives a view-of a partially collapsed
industrial strup?ure_erected by the "Kadievshakhstroi" Trust.

‘Strictly speaking,” the last three photographs do not belong in this particu~
lar chapter:. Nevertheless, in order to preserve the unity of the original
material they are reproduced on Plate 25. .

Source

Stroitel', No. 10, October 195€, p. 22
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"Two yea.rs.after the housewarming the 'tenants,had to be
- The: house .was dieintegrating. -
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, 18 in block 3 was built
'gzy;:ng No. 114, Defects of such
brickwork could only be hidden .

under a thick layer of plaster.

Fig. 1.

: te
. "Cracks appeared in the concret
Fie. 2 plinth and brickwork because of
the settlement of foundations.
(Built by Trust No. 114) .

*

S GE
RESIDENTIAL STRUCTURES IN A WORKERS' ¥ILLA
DEFECTITE BY THE NOVY-GOR'KIY REFINERY

Stroitel', No, 10, October 1956, p. 22
PLATE 24

Source:
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CHAPTER IX

COLLAPSE OF A DOUBLE CURVED ROOF IN A TEXTILE PLANT (MINSK)

Foreword

This. account is prepdred on the basis of information gained from two
sources. Although one of them does not give the location of the plent in
question, it is assumed that both sources refer to the same case because:

a) ‘the type of the structure and certain given dimensions are

the same;
b) the year and the month of the fallure are also the same.

Location
Textile Trust Plent,Minsk, White Russia.
Structure

One-story reinforced concrete structure with double~curved reinforced
concrete ghell roof. It is the main building of the plant housing carding,

spinning and weaving shops.

Construction

Plan of the structure is shown on Plate 26; longitudinal and transverse
sections on Plates 26, 27, and 28; photographs of the plant in the process of
construction are given on Plates 29 and 30. )

The s‘c.rm:’t:urei has 12 aisles separa.ted‘ by four corridors and an.expsnsion
joint (along axes 17 end 18, plan, Plate 26). There are no transverse expan-

sion joints.

Dimenslons:

o
o
I
o)
)

Overall width

Overall length

overaell height 8pProx.
Width of corridors i
Width of corridor along axes T-9 (Plate 26)
Width of expansion joint

Aisle width

Bay length
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Roof: The roof is built in sections composed of:

a) Flat slabs which cover the corridors;

b) Two monolithically joined double-curved shells which cover each
. pair of adjacent aisles.
The flat roof slabs of the corridors are of precast reinforced concrete,

The shell roof over the aisles is constructed as follows:

1. Each individual shell hss ‘the shape of a part of ellipsoid forming
the surface of positive gaussjan curvature., If this surface is intersected in
its upper and lower parts by vertical DPlanes we shall obtain the outlines of the
arch and of the more: gently sloping lower edge of the roof shell-under considera-

tion. The slope of the shell with respect to the Plane of the floor is approxi-
mately 300,

2. The shell is "flanged" by four curvilinear members which are Joined
with it monolithically. These members are:

a) The arch; the arch-shell joint is shown on Plate 28, fig. a.

b) The side member; its cross-section is 200 X 650 mm (7.87 X 25.6 in.);
it 1s provided with an 80 mm (3.15 in.) thick and 600 mm, (23.6 in.)
high dwarf wall which supports the flat slabs of the corridor :

. roof; the side member-shell joint is shown on Plate 27, fig. b,

¢) The: middle member; its cross-section is 200 X 700 mm, (7.87 X 27.6 in.);
it joins monolithically two adjacent shells; the middle member-
shell joint is shown on Plate 27, fig. c.

d) The lower member; this member forms the tie beam of' the next arch
in the longitudinal direction, to which it is connected by means
of four steel brick-faced suspension supports (Plate 27); the tie

- beam, suspension supports and the arch provide;.support for the
o window frames; the lower member-shell Joint is shown on Plate 28,
fig. 4.

3. The shell and its members are of Mark 200 reinforced concrete on Mark
500 cement. The size of aggregate is about 15-20 mm, (0.59-0.787 in.). The
shell 18 5 cm.(1.97 in.) thick at the center, 10 cm. (3.9% in.) at the arch and
the tle beam and 20.cm (7.87 in.) at the, side and middle members,

k. The shell reinforcement consists of a single row of 8 mm.(0.315 in.)
steel rods spaced at 100 mm.(3.9% in.) in the middle of the shell and of a double
row at the edges. The rods are laid: individually and fastened in the concrete
form of the shell, Shell reinforcement distribution is indicated on Plate 27,
figs. b and ¢ and Plate 28, figs. a and d.
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5, Construction of the shells was facilitated by the use of a specially
built movable concrete form which permitted the concreting of an entire shell
(an area of 252 m? or-2,700 £42) from a single position., On the other hand,
the use of the form-presented a serious drawback, namely: the tie beam could
not be poured simultaneously with the columns for it would create an obstacle
to the rolling of the form into the next~bay; the reinforcement could be placed
and the tie beam poured only in conjunction with the pouring of the next shell.
The form, im its lowered State, could be moved out only under the 12 m.(39.k4 £t.)
side member for placing in the next bay. A photograph of such a form is showm
omr Plate-3Le - .
(Notes It was found mecessary im the course of construction to strengthen
the tie beams. The reason is explained under "Construction changes and time
“table" -below. )

Colums, The 600 X 400 mm, (23.6 X 15.7 in.) reinforced concrete columns
are pqurea in place. Lo s

Column joints, The columns are joined'ﬁith"the tie beams, arches and side
membeTs; of the shells by means of nperederiy type" joints (so named after the
Soviet academician, G. P. Perederiy, who had designed them).

Perederiy joints are lap joints made without welding with reinforcement loops
and steel joint tongues. They were devised for precast reinforced concrete con=
struction in the early days of development of that technique, With wider applica-
tion of welding to reinforcement, the Perederiy joint went out of use, Column-
tie beam joints of Perederiy type are shown in drawings on Plate 32, figs. 1-k,

Construction changes and time table. Construction was started some time in
1952, By March I§56, The construction progressed to a point where, roughly, out
of 630,000 ft.2 of the building's floor space sone

150,000 £t,2 were already assigned to actual production operationss
120},000 £t,2 had the textile equipment in the process of installatibn;
1,0,000 ft.2 were undergoing fimishing work;

320,000 ft,2 had only the roof and the walls completed.

Two last roof shells between axes 12-1i (plan, Plate 26) were completed
with the aid of steam heating in December, 1953, The heating proved ineffective
and concrete inadequate. The shells were dismantled and re-erected in March,
1950, This part of the structure remained without heating or protective roof
-covering for almost 2 years, heat insulation being applied only in the winter of
1955/56 when cold weather with temperatures between =30 and ~35° C (between
72 and 31°F below. 0) prevailed.
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Asearly as 195L, cracks, tapering from the top down, were noted in some
column~tie beam joints (Plate 32, fig, 2), To strengthen the roof and to fore-
stall the appearance of similar cracks in other joints, the tie beams were .
strengthened with paired, two-aisle-long steel chamels No. 16 (no weight givens
see SES: Report No. 1, Table 1.0253B). The channels were-welded at the ends with
steel channel No. 20 scrap pieces; 'steel wedges were-driven-between these pieces
and the column (Plate 33, fig. 1). Thus, the paired channels began to serve as
additional ties to the arched members of the roof. Such channels were erected
along all the tie beams with Perederiy joints.

The Perederiy joint reinforcement projections were welded, thereafter.

Partial Collapse of the Structure

Sometime in March 1956, approximately L,500 m2 (48,500 £t2) of the as yet
non~-operational part of the building collapsed,.

The affected part (it had Perederiy lap juints and strengthening steel
chamnels) is shown by-shaded area in plam onm Plate 26,

Photographs-of the wreckage are shown on Plates 3l amd 35,

The failure probably began with the rupture of reinforcement in one of the
structural members, It developed-as follows, First, two last shells between
axes 12 and 13 collapsed; in a few minutes, .they were followed: by two adjoining
shells between axes 13 and 1h; in about half an hour; 18 -shells: between axes
12 and' 1, went down, The failure ‘stopped at a transverse 3-stretcher brick
partition wall with pilasters, laid in the plane of the arch, The' development
of the failure is illustrated by sketches on Plate 36, figs, 1-3.

Causes of Failure

The collapse was due to an interplay of many factors, the chief among them
being the following:

l. One week before the collapse, the part where the failure began was
‘temporarily partitioned off. This was done with the view to completing the
fimishing work and installing equipment s all of which required the heating of the
place, The heating arrangement was simple, Two steam pipe heaters were sus-
pended in the immediate vicinmity of the internal steel channels which originally
were—supposed to strengthen the resistance of the tie-beams to tensiomt The
outside charmel remained cold. The arrangement is shown on Plate 33, .
figs, 2 and 3.

2 The cracks in the joints which were noticed in 195k and the fact,
unnoticed at the time, that the columns were out of plumb indicated that there
were shifts in Perederiy joints, The construction of the Joints was-found, inm
general, to be faulty, In some joints, the 10 mm,(0.39 in.) steel joint
tongues were shifted; in the other, they were missing altogether; in still others
the reinforcement overlap was insufficient.,
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Fs The cracks-similar to those in the column-tie beam Joints were also
noticed in the célumn<shell side member Joints, Their occurrence may not have
been altogether due to the faulty assembly of reinforcement in the Perederiy
Joints, The use of the movable concrete form unavoidably produced "between=-
the-pours" joints in concrete where columns were Jjoined with other structural
members, Thus, truly monolithic joints could not be achieved in some instances,
Hence the cracks.

li, Steel reinforcement in bearing members was found to be very brittle,
Laboratory tests of steel specimens indicateds

a) carbon content of the steel was 0.33-0.4%;
b) steel contained considerable amount of slag;
¢} relative elongation of steel was 5¢7%.

Some reinforcing rods were cracked even before they were placed in concrete forms 3
the joining of vertical and horizontal reinforcement rods was done not by the
spot-welding but by the less satisfactory arc-welding method,

S« Layers of ice some 1.7 m.(5.6 ft,) thick and weighing from 10 to
12 tons formed in roof valleys because of alternate freezing and thawing of snow
and rain.

6+ The lack of stiffness im the structural system as a whole and in
the arch-tie beam elements in particular was probably responsible for the peculiar
chaim pattern which the failure assumed, On the other-hand, this chain pattern
tendency seems to be inherent in the very design of the roof, for each arch-tie
beam element is the main load~bearing member for two successive shells; the pre-
ceding shell rests on the arch, the next shell on the tie beam of that arch,

Reconstruction Project

Reconstruction, actually, presented two problems, namely:

a) strengthening of the still standing parts of the structure $
b) rebuilding of the part that had collapsed,

Strengthening of the Structure. It was proposed that the following steps
be taken to strengthen the part of the structure still standing:

1, Arch-tie beam elements were to be stiffened in their upper parts by
means of paired steel chammels in a mammer similar to that employed in 195 when
cracks in column~tie beam joimts were first noticed (Plate 37, figs, 1 and 2),
The channels were to be encased in light concrete for the purpose of protecting
them from temperature variations. No heaters were to be placed near them,

2, The arch-tie beam element columns separated by 2 or 4 bays were to be
encased to their full height in concrete in accordance with the drawings shown
on Plate 37, figs. 1-6.
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3. The idea of separating the arch from the tie beam by cutting the four
suspension supports was considered for the arch-tie beam elements resting on
strengthened columms, The idea was abandoned because the tie beam cross section
was found to be too small. Two stiffening, tWO-aisle-long steel chammels were
used instead (Plate 37, fig. 1 and 2).

. The expansion joint columns (plam, Plate 26) were to be Jjoined into
Single solid columns; the expansion joint was to be eliminated after the heating
of the reconstructed building would preclude the possibility of sharp temperature
fluctuations,.

Rebuilding the Part that Collapsed. It was recommended that the rebuilding
of the 18 bays in each of the two affected aisles) that had collapsed follow
in general the original plan of construction with the following slight modifica-
tiongs

a) the arch-tie beam elements are to be joined with columns by means
of more reliable stiff reinforcement;

b) reinforcement im column-shell side member Jjoints should be
strengthened,

Note

Construction of large double-curved roof buildings for housing light indus-
tries was started in the Soviet Union apparently in 1950, In:addition to the
above described plant at Minsk, similar structures were presumably erected at
Kalinin and Vyshniy Volochek, :

Source
S daiadeded

1) Stroitel! naya Promyshlennost' , No. 2, 1957, pp. 21-26,
2) Stroitel'naya Promyshlennost! > No. 8, 1955, pp. 9-10.
3) Moscow TSINIS. Causes of Structural Failures, pp, 49-58;5 TH 3401.M7
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Conversion Table

mmn, ft.

400 1.31
500 1,54
600 1.97
630 2,07

2,010 - 6,60
2,100 6.90
2,400 7.87

3,000 9,84
4,500 14,8
4,570 15,0
5,000  1b.4
5,800 19,0
6,580  21.6
10,000  32.8
12,000  39.4 T
21,000  69.0 SR
237,630 944, —H bt o —

Fig., 1. Plan of the plant, Shaded area indicates the part
that collapsed.
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Fig. 2. Transverse and lonritudinal sections

DCUBLE-CURVED ROOF TEXTILY PLANT AT MINSK
Source: Moscow TsINIS, Causes of Structural Failures, pp. 51-52, (TH 3401,M7)

PLATE 26 .
=56="
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Figs. 1,2,3 - Structure as designed; Figs. 4,5,6 - Structure as actually built,

Sections and details of the structure
The collapsed pier is marked with a circle.

RESIDENCE No. 16 CHAPLYGIN STREET, MOSCOW

Source: Moscow TsINIS. Causes of Structural Failures, pe. 14.

(TH 3401.M7)

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

Desiem

Fig, 1. Section 1-1
1, rick piers

J¢  RC team socket

Couversion Table

cm, in,
s1 21
o 5.0
2,3
A0 252.0

Fir, 2, Plan of Founiations

Fir. 3. Joint (pier-beam-floor slats)
1. First floor

2, A’C veam socket
3, Mesh reinforced pier

Conversion Table

me  ine

2 L.72
16 6.30
62 23,6

nctnal Corstruction
Fir. 4, Cectirn 1-1
le Frick pirrs
2. Joint (pler-team-slat)
e Wooden posts
Fig, 5. Plan of the cellar
Fip, 6. Joint (pi-r-tean-tioor
slabs)
1. First floor;
2. Cellar
3. Feam
Le Steel tearinge pad
(13.2 x .4 4n.)
5e

Pier without reinforcemen
, -

Conversion Ta!le
PALLLA ST LU )

cm, in,
16 £,30
40 2245
77 30.3
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Fip. b, Side mem er-shell loint Fig. c¢. Middle-memter-srell loint

I

v
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I 2

yepe3 250

; . s
@ vepes 200 u
08 v60e5 260

—lea\- 26107

i

4500

[ 7/ /; J U et 4./,

Fig. a. Transverse section

Tpansverse Section and Side Member-Shell and Middle Member-Shell Joints

Conversion Table

mm, in, mm, fr. Reinforcement
6 0.236 1,500 5L.92 1, d = 0,315 in.; spacing = }.9& in,
8 0.315 2,610 8.57 2. d = 0.315 ir.; spacing = .87 f'Ln.
20 0,787 3,750 12.3 d = 0,236 in.; spacing = 7.87 in
50 L.97 4,000 13.1 3. -4 rods, d = 0,787 in.
100 394 4,259 13.9 L. 6 rods, d = 0,787 in.
200 7.87 4,590 1.8 5. Mesh: d = 0.23f in.; spacing = 9.8 in,
250 9.8, 21,000 68,9
500 23,6
£59 25.6
730 27.6 .

DCUZLE<CURVED ROCF T=XTILZ PLANT AT MINSK
Source: Stroitel'naya Promyshlernost', No. 2, 1957, p. 22

FLATE 27
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B o 8. - hel1 oint ' Fig. d.. Lover member-shell Jjoint
Fig: a. Arch-s ! 1. Mesh: 80, 236 in.; spacing = 7.87 in. .
- 2. Two rods, d4=0.3°% in.
- 3. Two rods, d#0.787 in. _ —
’ 4. -Two rods, d=1.18 m. -

- _Conversion Table

6 0.236 150 ° 5.91 2,610 8.56
- 10 0.39% 200 - T7.37 4,500 1%.8 1 —.
) 20 0.787 .250 | 9.8+ = 12,000 39.4 -
30 1.18 260 10.2 -
= 50 1.97 310 12,2 - _
i -80 3.15 Loo 15.7 : . S
3.9'17 - L’OOO 39{" - == ) .. —

. ——  DOUPLE-CURVED ROGE TEXTILE, PLANE-AT Mmszg_ - ]
o Source: Jtroitel'naya Promyshicnnost';- No. 2 3:957; P° ’2?

CpLATE 28- T — . - |
= = . - : - - . ) | - -58_
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DOUBLE~CURVED ROOF PLAMT' IN THE PROCESS OF CONSTRUCTION
3
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o

Frame of e movable concrete form for double curved roof shells

DOUBLE-CURVED ROOF TEXTILE PLANT AT MIRSK
Source: Stroitel'nays Prouyehlemnost', No. 8, 1955, p. 10
PLATE 31
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Conversion Table

mm, in,
25 0,984

’ 48 1.89
/n‘zmn/:." 65 2,56
dopnabory ' 120 LeT2
anescrma 125 4.92
Haprac Kononut 2‘&5 9065

260 10,2

4,50 17.7

650 25.6

660 26,0

Fig. 1. Perederiy‘side member-column joint
1. Side member reinforcement
2. Column reinforcement

, Tneuuna

Fig. 2. Crack in a Perederiy tie beam~column joint
A. Normal position of reinforcement loops in the joint
B. Shifted loops in the joint

I. Cruk  cueresm
IMepeacpun

Fig. 4, Perederiy joint
(photograph)

Fig. 3. Perederiy tie beam-column joint.
Perederiy Type Joint
- DOUBLE-CURVED ROOF TEXTILE PLANT AT MIKSK -
Sources: Fig, 1.. Moscow TsINIS. Causes of Structural Failures, p. 55. (TH 3401.M7)
. Fig. 2+3 Stroitel'naya Promyshlennost', No. 2, 1957, p. 23
Fig. L Construction in Earthquake Affected Areas, p. 66.(NT0SP putlication)

PLATE 32 ~62—
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Fig. 1, Details o* additional channel-steel tie beams
1. Section 1-1.

_ 2. Steel channel No. 20, scrap pieces
3. Steel wedge welded to channels

5.
Lona/NUMEMNIA
Jampxcg u3 21 LN

wpnuy G,

I
Peeucmpw 43006020
omannenu fewotemon 3,
2 Keneolemonnan

ofonouna

Fig. 2. Heating arrangement that speeded collapse
1. Pipe heaters
2. RC roof shell
3, Foam concrete
L. Brick
5, Additional tie beam (2 - No. 1é steel channels)

I, Xosodweri usennep

2. lopswud wecanep

Fig. 3. Heater influence on additional steel tie beams
1, Cold steel channel

2. Heated steel channel

DOUBLE-CURVED ROOF TEXTILE PLANT AT MINSK
Source: Stroitel’naya Promyshlennost', No. 2, 1957, p. 23-24

PLATE 33
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(TH 3401 .M7)
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PLAT 34

Causes of Structural. Failuxes

DOUBLE=-CURVED ROOF
Moscovw TsINISe

Source
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Pig. 1. Position of the column ‘and tie beam in the bay where failure started
1. Fallen middle column, 2, Tie beam. 3. Ruptured reinforcement,
L. Hemnants of sheared off reinforcement, 5. Reinforcement separated from
stirrops. 6. Two loops torn out of the column. 7. Two bars torn out of
the colum. 8. Broken concrete. 9. Column-arch joint loops.

(Note that lettering on drawing is inverted)

4.
3. fodsecxa Jamaxcaa
1. 0garsvra
2.Ama
TN

Fig. 2. Chain collapse, Relative position of various structural members
1. Roof shell. 2. Arch. 3. Suspension support. 4. Tie beam,
5., Middle columm,

Y-
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/

dsecaa
' 2.4m¢
| 1. o

Fig. 3. Shell failure at the brick partition which stopped chain collapse
1. Shell. 2. Arch. 3. Hanger., L. Tie beam. 5. Damaged tie beam ends

Development of the Failure

DOURLE~CURVED ROOF TEXTILE PLANT AT MINSK
Source: Stroitel'naya.Promyshlennost’, No. 2, 1957, pps 24=25

PLATE 36 _ 66~
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Conversion Table

m, Al
200 7.87
< 250 9.84
. ] ; 300 1.2
o~ . 350 13.8
Cmanapnos ACX) 15 ¢7
Jamaxac l‘éo 18.1
500 19.7
600 23.6
700 27.6
800 31.5
900 3544
950. 374
1,000 39.4
>
m. Lt
1,050 3eb5
1,150 3.78
2,000 6.56
Fig. 1-2. Proposed strengthening: arch-tie beam elements— 2,100 6.89
with steel channels; colums=-with concrete 3,070 10.1
casing; a) steel channels 4,570 15.0

Ceqenue 1-1

Fig. 3. Section 1-1 Fig. 4. Section 2-2

Cevenue 3-3 Ceyenue 4-4

: -4:504550,--

Fig. 5. Section 3-3 Fig. 6. Section 4=k
Figs. 3-6. Strengthened colums
Proposed Strengthening of Arch-tie Beam Elements and Columns -

DOURLE-CURVED RCOF TEXTILE PLANT AT MINSK
Source: Moscow TsINIS, Causes of Strcutrual Failures, pp. 57-58, (TH 3401,M7)

PLATE 37 -£7-
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CHAPTER X
COLUMN DETERIORATION' IN A REINFORCED CONCRETE HYPERBOLIC COQLING TOWER

Foreword _

The following account is based on a source of very limited scope., It
provides the description of columns and column defects in a hyperbolic cooling

tower but gives no description of the tower as a whole.

To put these columms in their proper perspective, photographs and structural
descriptiom of an identical (or a very similar) hyperbolic cooling tower are pro-

vided from: another sources

For this reason, the account is divided in two parts.

A. DETERIORATION OF REINFORCED CONCRETE COIUMNS IN'A HYPERBOLIC COOLING TOWER.

Tocation
Heat and Electric Power Plamt (TETs) No. 16, Mosenergo.
Structure

Inclined precast reinforced concrete columns: (72 in mumber) supporting the
shell of a reinforced concrete hyperbolic ctooling towers

- Ganstruction

Columns. The precast reinforced concrete columns are octagonal in section,
340 mm (13.L in.) across (Plate Ll, fig. 2).

) Columm reinforcement, The reinforcement consists of':

a) 8 deformed bars, diameter 2li mm (0,945 in.);
b) wire, diameter 8 mm (0,315 in,), spiral pitch 100 mm (3.9k4 in.).

Column concrete as specified, The designers specified Mark 140 concrete
om. pumol'a'n-Basea pﬁﬁnﬁ cement,

Column precasting as actually carried out. The columns were precast of
Mark 200 concrete in the yard.

As the desigmers had failed to indicate the frost-resisting requirements
for the concrete, the builders, presumably at the yard, did not take this factor

Ny

),

'\1“\’*\'#':’} ‘:‘."\‘ e
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into account,. Tl;e choice of the composition of concrete was made onm the basis
of Mark 1;00 puzzuolamic portland cement,

Data om Concrete of the Colums,

MEterial . .. DIty

Mark 100 puzzuolanic portldnd cement
Cement test cone slump L=6 cm.(1.58 ='2.36 in,)
Water - cement ratio 0.59 (6.65 gal/sack)

Modulus of coarseness 2,6

Particles smaller than 0,15 mm.(0.006 in,) L%

Organic content =-=-== within allowable limits

(In spite of laboratory instructions the sand was not
sifted-before use)

Gravel . Quite dirty. Sand content = 20%°
Impurities (clay, silt, etc.) = 11.3%
(Laboratory instructions to wash the gravel before use were
unheeded)

Concrete Nominal composition by volume: 1:1,54:3.04
Materials kg/m3 L
cement' 300 kg. (506 1b/yd3)
sand 601.8 kg. (1,020 1b/yd3)
gravel 1,208 kg.(2,040 1b/yd3)
Ultimate strength of test.specimerns:.

1 week = 113.4 kg/em? (1,610. 1B/ if2)
L weeks= 198.6 kg/cm® (2,820 1b/in?)

Concrete
préparation In concrete mixer; cement dogage by weight.

Concrete . ,
tamping With I=21 vibrators.

Concrete _
curing In stean chamber during 18-24 hrs at 700 « 800C (158 - 176°F),
" Raising of temperature to the desired degree took 2 hours,
The strength of concrete at the time of release for delivery
fluctuated from 80 to 190 kg/em2(1,140 to 2,700 1b/in?).

Most of the columns were made of the above described concrete; a few of the
presumably "Wcommercial™ concrete based om portland cement,

~69-
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Construction time: table, The columms were precast in February and March,
195, The cooling tower became operative in June 1955,

Deterioration of Columns

In the spring of 1957, extensive deterioration of the surface of the columns
was notedj particularly of the columns exposed to the down-flow of the cooled
water.

The -surface was covered withcracks, Rather thick pieces of concrete; some
firm, some crumbling, could be easily separated from the surface. Spiral rein=
forcement was bare in many columns (Plate 38, fige. 1). The cracked concrete in
lower parts of the columns was covered in places with porous, yellow-gray deposits;
apparently, this was calcium carbonate formed as a result of leaching of concrete

by water penetrating imbo the cracks (Plate 38, fig. 2), Some columns without
perceptible cracks had damaged surfaces to depths of 5-7 cm,(2-2,8 in,) thus
exposing not only the spiral but also the bar reinforcement,

Causes of the Column Deterioration

The deterioration of columns was mainly caused by the alternate freezing
and thawing of the porous concrete saturated with water,

Leaching had only a secondary effect, since it affected the already cracked
concrete.

The wetting of columns could have been avoided had the water-deflecting
arrangements been built strictly according to specifications.

The low. frost-resisting quality of concrete was due toz

a) inadequate density of the structure of concrete resulting from
the use of puzzuolanic cement..

b) too high a water = cement ratio.
¢) dirty gravel

d) too fast a rate of cooling of columns upon their removal from
the steam chamber,

Repair of the Columns

The affected columns were cleaned, notched and washed, .The less deteri-
orated columns were gunited over mesh of the "Rabitst type and iron-plated;
the more damaged columns were concreted in concrete forms,

(Notes Two similar cooling towers, one of which went into service im
1952 and the other in 1955, had columns poured in place, So far (the source
of informatiomn was published in September 1957) » those columns are in satis-

factory condition)e

~T0-
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iB. STRUCTURAL DETAILS OF A REINFORCED CONCRETE HYPERBOLIC COOLING TOWER
Locatiom
Unidentified TETs: in the Middle Zone of the European USSR,
Structure

Natural draft reinforced concrete hyperbolic cooling tower of a dropwand=-
film types

Construction

Basically, the structure is a somewhat modified conventional wooden cooling
tower enveloped by a shell in the form of a hollow hyperboloid of revolution'
which provides natural draft.

Description of its constructiom may therefore, be divided in 2 parts:

I. Structural details of the hyperboloid shell,
II. Construction of the conventiomal part,

Vertical and cross sections of the tower are shown on Plate 39,
A photograph of the tower in operation appears on Plate L0,
I. Structural Details of the Hyperboloid Shell

General statistical datas

Height of the superstructure 55.3 m (181 ft.)

Height of the substructure 2,25 m (7.4 ft,)

Shell diameter (outline) 50 m (165 f£t.)

Area occupied by the cooling \
tower 1,99l (21,500 £t2)

Maximum capacity 12,000 m3/hr (53,000 gpm)

' Foumdatiom, The lower abutment ring or the foundatiom ring of the shell is
of Mark 14O reinforced concrete., It contains 375 m3 (490 yd3) of reinforced
concretes It has a T-shaped profile and rests on a "concrete preparation®
(apparently stabilized earth) with toothed profile which requjred 40O m3

(520 yd3).of concrete. Maximum pressure om the soil at this point is 0.8 kg/cm2
(11.5 1b/in?) under windy conditions. Besides providing the foundatiom for the
tower, the lower abutment ring forms the wall of the tower!s water basin, The
ring is provided with a lip with expansion joints, These joints are made during -
the pouring of conhcrete, when pieces of plywood wrapped in tar paper are intro=
duced at proper intervalsj after 5-7 days they are removed and the space thus
formed is filled with bitumen,

Vertical sectiom of the abutment ring is shown on Plate L1, fig. 1,

=Tl
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As the "concrete preparation” and the ring were built under winter conditgl.ons
a light heating arrangement had to be made arouhd 1t. The heater consisted of
plywood sheathing fastened to the concrete form,and steam coils.

A photograph of the arrangement is shown on Plate 41, fig. 3.

Columns. Seventy-two inclined octagonal columns are of Mark 170 reinforced
concrete, requiring 27 m3(35 yd3) of 'concrete. Column reinforcement is
described on page of this report. The columns rest on the lower abutment
ring (Plate 41, fig. 1), They were poured. simmltaneously with the upper abut-
ment ring; the pouring was continuous. *'

Upper abutment ring. The upper sbutment ring consists of 40 m3 (52 ya3) of
Mark 170 reinforced concrete. The ring ties the tops of the columns and forms
the base of the hyperbdlic shell;transfers the load of the shell to the sub-
structure. - ‘

Hyperboloid shell. The shell is of reinforced concrete containing 767 m3
(1,000 yds3).

Cement composition in the preparation of concrete was the following:

Portland cement 66.7h
Puzzuolanic portland cement  33.3%
Tripolite 10.0%
Cement obtained Mark 350

The size of the gravel varied from 20 to 40 mm. (0.8 - 1.6 in.) depending
on the thickness of the part of the shell for which it was prepared. "The
adopted water-cement ratio was presumably 0.5.% Slump of standard concrete test
cone was 7-8 cm. (2.8-3.2 in.). .

The thickness of the shell at the base is 350 mm. (13.8 in.), it gradually
decreases upwards to 100 mm.(3.9% in.).at the height of 20.3 m. (66.6 £t.); from
that point, the thickness is constant to the; rim where there is a stiffening ring.

A catwalk with steel railing is built on the rim.

Lightning protection of the shell. The catwalk railing is.connected with the
reinforcement of the inclined columns by means of 6 lap-welded rods within the
shell wall.

Shell coating. The coating for the internal surface of the shell has the
following components: '

No. 3 Bitumen 30%
No. 5 Bitumen 20%
Kerosene or benzine

(gasoline) “50%

. ¥5,6 galysack =
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The two kinds of bitumen are)heated to 170-180°¢ (338-356°F), thoroughly
mixed, cooled to 120°C (248°F) and then diluted with kerosene or gesolide.
The mixture is applied to the surface twice at the temperature of 70°C (158°F)
with a compressed-air sprayer. ‘ S .

The outside surface is smoothed and sprayed with cement.

The cooling tower basin. As previously indicated, the circular wall of the
basin is formed by the lower ebutment ring, i. e. 1s of Mark 140 reinforced
concrete. The bottom of the basin is presumably also, of Mark 140 reinforced
concrete; it was apparently poured in two 1lifts and covered with moisture-
resistant ‘material. It provides support for precast Mark 140 reinforced concrete
posts which carry the wooden frames of the conventional part of the tower. The
basin is divided in two 'sectlons by & reinforced concrete.partition. The depth
of each section is. 1.8 m. (6 £t.). The useful capacity of the basin is 1,600 3
(423,000 gal.). .

The construction of the basin bottom, basin partition and the posts support-
ing the wooden' frames required 543 m3(709 ya3) of reinforced concrete.

Water inflow and discharge channels. Water flows from the TETs to the
cooling tower through two 1.9 x 0.88 m. (6.2 x 2.9 f£t.) Mark 140 reinforced con-
crete channels. One meter (3.28 ft.) steel pipes with their stuffing boxes
imbedded in the walls of the channels are interposed between the.ends of the
chennels and the tower. Just outside the tower the pipes are provided with
sliding baffles. Experience showéd that a warming arrangement should be made

I

around the baffles for winter conditions.

The two sump (iischa‘rge channeéls are also of Mark 11_&0 r'einforqed concrete;
they are presumsbly of the same size &s the water inflow chennels. '

II. Constryction of the Conventional Part of the Cooling Tower.

A photograph of a sectional model of this part appears on Plate 42. It shows
that this modified conventiohal part consists'of a centrally located water tower
which is surmounted by a water-distributing reservoir and s;i:‘roundedhby wood. ,
filling where the cooling of water actually takes place. ' '

.The water tower is of Mark 140 reinforced concrete containing 51 m3(67 yd3)
of.reinforced concrete, water inflow channels included. The tower is divided in
2 parts by a vertical reinforced concrete partition; ‘this permits half the tower
to be put out of acti’on\,w'hen_ necessary. The water distributing reservoir on the
top of the tower has 18_ sides wi'Fh openings.,, Wq.tér passes through these openings
over the wodden baffles into the water distributing tromghs, from which it spreads,
over and trickles through the filling.; )

The wood £illing represents a structure consisting of boards, trianguler
rods, digtributing troughs and splash troughs with plastic bungs, the whole
being supported by frames which rest on precast reinforced concrete posts
anchored ‘at the bottom of.the tower water basin.

The structure may be regarded as composed of 3 zones.

=T3-
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7one- 1 extends around the periphery; it consists of panels made of boards
10 mm. (0.39% in.) thick. The panels are distributed over 3.levels'at an angle °
of 61° with the horizontal. Zone 3 4s next to the water-distributing tower. ~Its
boards are pleced tangentially. - They sre.10 mm. (0,39% in.) thick, form & 61°
engle with the horizontal and areé presumably aistributed over '3 levels. Zone 2

is located under zones 1 and 3; it consists of triangular tangentially placed
rods at 8 levels. )

The £illing is of- pine; all its joints are made with galvanized iron bolts
and pails; it occupies an area of. 1520 me (16,400 £t2) and requires 827 m3
(350,000 bd. f£t.) of lumber for its erection.

Construction Time Table

Apperently, this is the first hyperbolic cooling'towér ever to be built in
the Soviet Union. It was erected according to the following schedule:

Earthwork Nov. - Dec. 1948
Lower abutment ring Jen. - Feb. 1949
Upper abutment ring and the

' columns Apr. - May 1949
Hyperbolic shell May - Aug. 1949
Wood filling section Sep. 1949 - Jan. 1950

Tn March 1950, the tower was operating at its full capacity.
Note

A cooling tower with a hyperbolic shell of factory-menufactured precast
reinforced concrete elements was erected in Hungary before 1956. The method
of its comstruction is under study with a view to introducing it in the Soviet
Union. )

Source

" 1) “Beton i Zhelezcbeton, No. 9, 1957, Pp. 368-369
2) Otlivnoy, I. F., Building Reinforced Concrete Hyperbolic
Cooling Towers, Dp. 1-48. TF 563,08

3) _Stroitel'nsys Promyshlennost!, No. ‘8, Aug. 1955, p. 22
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DETERTORATION OF REINFORCED CONCRETE COLIMES IN A EIPERBOLIC COULING TONER
(Hest snd Klectzic Power Plant ¥o. 15, Mowenergo ,2
Bource: Betom % mm;, ¥o. 9, 1957, Pe K9
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1, Water inflow channel, 2. Water distributing tower. 3, Wood filling.

L. Tower basin, 5. Water discharge dhannel . 6, Reinforced concrete
hyperbolic shell., 7. Concrete colums, 8. Lower abutment ring.

9, Upper abutment ring. .

Vertical and Cross Sections

REINFORCED CONCRETE HYPERBOLIC COOLING TOWER :
Source: Otliwnoy, I. F., Building Reinforced Concrete Hyperbolic Cooling Towers,
' pe 5, (TJ 563.08)

PLATE 39 76

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0



r 2013/06/21 : CIA-RDP81-01043R00210001000

The Tower in Operation

REINFORCED CONCRETE RYPERBOLIC COOLINWG TOWER
Source: Otlivnoy, I.F,, Building Reinforced Concrete Hyperbolic Cocling Towers,
Do b, (2 563.08)
PLATE. 40
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Conversion Table

mm, in.
20 0,787
100 3.94
120 4.72
140 551
150 5.91
200 7.87
250 9.8L
340 13.4
370 14.6
4,50 17.7
650 25.6
840 33.1
1060 hl.g
Fig. 1.~ Lower abutment ring; vertical section. ézgg 22:3
a) Abutment ring lip., b) Parging.

874
140

Fig., 2. Colum cross section.

Fig. 3. Heating arrangemert for the pouring ring under winter conditions

}iED\iFGRCED CCNCRETE HYPEREOLIC CCOLING TOWER
Source: -Otlivnoy, 1. F., Building Reinforced Concrete Hypertolic Cooling Towers,
) pp. 6 &1L, (T 563.08) .

PLATE 41 . 7 ‘. =78
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)bd?tfed conventional part of the tower; sectional model.
Yor 1, 2, and 3 & Filling foves « Bee text, p. 73)e

Otlivnoy, I.¥., Building Reinforced Concrete Hyperbolic Cooling Towers,
8§ ‘1‘ 55.3568) 42

:
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CHAPTER XI
FAIIURE OF A PROP STORAGE WING (MOSCOW)
Location
"MosPilm" cinema studio lot, Potylikha, Moscow.
Structure

 One-story three-aisle brick structure with load-bearing walls a.gd two
rows of load-bearing interior piers.

Construction

Plan and transverse section of the structure are shown on Plate 43 and
Plate Ll respectively. ’

Dimensions. Dimensions pf the structure are:

Length (accorﬁing to text) 22,8 m. (74.T.£t.) (according
to plan it is 69.0 ft.)

Wiath B 2.1 m. ﬁ'ra.s £5.)

Total height (middle aisle) 9.05 m.(29.7 ft.)
Totsl height (side aisles) 5,07 m.(16.6.£%t.)
Aisle width 7.36 m.(24.2 £t.)
Bay length 6.0 m.(19.7 £t.)"~

. Foundations. Foundations under the walls are of rubble concrete; founda-
tions under the interior piers are of monolithic reinforced concrete.

Walls. The walls are of Mark 100 brick laid in Mark 50 mortar. They are
51 cm. 120.1 in.) thick.  There is a clearstory above the side aisles.

Interior piers. The piers of 64 x 64 cm. (25.2 x 25.2 in.) cross section
are of Mark 100 brick laid in Mark 50 mortar; they are reinforced with steel

mesh.

Beams. Longitudinal beams which provide support for-the-clearstory are
of monolifhic réinforced condéréte. They rest.on’ reinforced concrete bearing
.bads surmounting the piers. .

Roof:~ Rocf beams are of precast reinforced concrete. They support precast
reinforced concrete roof slabs.

Roofing. Presumably ruberoid; heat insulation - slag.
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Construction time table. The piers and the walls of side aisles wvere
erected during the spring and swmer of 1955. The clearstory and the roof
slabs were laid in the winter of 1956. - -

Failp.ré ,0f the Structure

On 11 April 1956, the structure failed. First, three interior piers broke
in the vicinity of beam-pier joints (intersection of axes B, C, D, with axis 9,
Plete 43); then followed the collapse of the longitudinal’beams, wall, roof
beams and some 300 m2(3,230 £t.2) of roof slabs, ‘

The collapsed structure is shown on Plate 45; a detail appears on Plate 46,

Causes of Collapse

On the day of collapse, there was a steel scafffolding and a quantity of
building material stored on the roof between axes 8 and 9 (PIate 44). This
undoubtedly increased the load borne by the piers along axis 9, but the main
causes of failure seem to be the following:

1. Inadequate quality of brick. Design required that \b_rick both solid
and hollow be of Mark 100. The brick supplied by two-factories was accompanied
by certificates to ‘the effect that its quality was Mark 100. Post-failure
examination, however, disclosed that solid brick wes of Mark 50, the hollow
of Mark 75. This by itself was sufficient to. lower the working strength of
the brickwork laid in Mark 50 mortar by some 20-35%.

For Mark 50 mortar the Soviet "Norms and Technical Conditions",

NiTU-120-55, established the following relationship between.3 kinds of brick
and brickwork working strength :

Mortar Mark Brick Mark Working Strength

50 . 100 30 kg/em?® - 426 1b/in2
50 75 25 kxg/em® - 355 1b/in2
50 50 20 kg/em? - 28k 1b/in?

) 2. Failure to reinforce the pier brickwork. Although the design
called for a 5 x 5 cm. (1.97 x 1.97, in.) steel mesh 6 mm. (0.236 in.) thick
reinforcement, of- bed Joints spaced at 15 cm. (5.91 in.) along the height of
the pilers, no reinforcement at all was .found in the plers.- -

. 3. Faulty execution of pier bed joints. They were found to be dry
to a depth of 2 cm. (0.787 1in.). With pier cross section area of 4,096 cm2
(634.9 1n2) and dry joint ared of some 512 cm2(79.4 in2) compressive stresses
in the brickwork rose correspondingly.

4, Eccentric load on two Poundations at their pier-foundation joints.
The piers at the intersection of axes B and D with axis 9 (Plate 43) were
shifted some 16-17 cm. (6.3-6.69 in.) in opposite directions with respect to
foundation axis 9. This was the source of additional stresses in the piers.

=81~
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Recons truction

The crushed brick piers were replaced with 40 x 40 cm. (15.8 x 15.8 in.)
reinforced concrete columms.

The brick piers remasining standing were strengthened at four corners with
75 x 8 mu. (2.95 x 2.95 x 0.315 in.) s‘beel angles held in place by welded
horizontal steel bands.

The roof was reconstructed according to the original design.

Note

The factories delivered the wrong quality brick under cover of correct
certificates.

The builders, for their part, did not check the mechanical qualities of the
brick; disregarded the specifications with respect to reinforcement of the piers;
left pier bed joints partially dry and constructed at least 2 faulty pler-founda-
tion joints.

Assuming that the design was adequate, negligence on the part of the brick
factory and bullders is at the bottom of the accident.

Source

Moscow TsINIS. Causes of Structural Failures, pp. 25-29.
TH 3401.MT7
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Source:

PROP STORAGE WING, "MOSFILM® STUDIO, MOSCOW

-

Moscow TsINIS,

Causes of Structural Failures, P 25. (TH 3401,M7)

PLATE 43
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1. RC bearing pad. 2. Collapsed piers
Section 1-1

\
f Conversion Table
m, fty
- 430 1.41
570 1.87
900 2,95
1,000 3.28
2,200 7.22
3,600 11.8
4,050 13,3
4,400 1.4
5,065 16.6
7,366 4.2
9,050 29.7
22,100 72.5

PROP STORAGE WING, "MOSFILM"™ STUD1O, MOSCOW B
Source: Moscow TsINIS, Causes of Structural Failures, p. 26. (TH 3401.,M7)

PLATE Ak i
-8l-
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General view after the collapse

FROP STORAGE WING "MOSFILM' STUDIO, MOSCOW

Source: Moscow TeINIS. Causes of Structural Failures, p. 28.(TH 3401.M7)

PLATE 45
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Foeilure of a beam-pler jJoint

PROP STORAGE WING "MOSFIIM" STGDIO, MOSCOW
. Source: Moscow TsIFIS. Causes of Structural Failures, p« 29, (TH 34OL.MT)
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' CHAPTER XII
FATLURE OF A BRICK WALL PIER IN A HAND GAME mmme EALL (MOSCQW)
i chation
Hand game stadium in Moscow.
Stmctu;'e

One-story lean-to of mixed construction presumably adJoiz{ing one of the end
structures of the stadium. It accommodates two identical training halls.

Training Halls

The halls are symmetrically located with respect to the longitudinal axis
of the stadium. They are separated from each other by two brick\w.lls ; an
automobile road passes between these walls to the stadium. Each hall has the
following dimensions: ' '

Width 16 m. 252.5 ft.
Length 28 m. (91.9 f£t.)
Height to ceiling 6.5 m. (21.3 £t.)

Plan and transverse section of the damaged hall are shown on Plates 47 and
48 respectively.

Walls. Blank end walls are of brick; they are 51 cm. (20.1 in.) thick and
are faced with L-shaped ceramic tiles 6 em. (2.36 in.) thick.

The longitudinal wall on the stadium side represents & precast reinforced
concrete frame with brick f£illing.

The outside longitudinal wall is 64 cm. (25.2 in.) thick; it is built of
brick and faced with L-shaped ceramic tile'6 cm. (2.36 in.) thick; 1t has
64 x 103 em. (25.2-x 40.6 1in.) wall piers which .are also built of brick, but
with "zigzag" steel mesh reinforcement. ‘.

Roof. The roof is composed of the following elements:

“?.

1) Light steel trusses with parallel chords, span - 16 m. (52.5 ft.),
height - 2.42 m. (7,95 £t.). Bay length - 6 m. (19.7 f£t.). One end of the
trueses rests on the reinforced concrete columns, the other on wall plers. _As
originally planned, the truss load was to be transferred to the piers through
50. x 50 cm. (19.7 x 19.7 in.) reinforced concrete bearing pads, but in the
course of the constructiom, W x 65 em. (17.3 x 25.6 in.) steel bearing plates
5 em. (1.97 in.) thick were substituted for the pads. s

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

2) Channel steel purlins resting on the upper truss chords and provid-
ing support for the roof cover.

3) Roof cover which consists of precast reinforced concrete slabs.

L) Roofing presumably of ruberoid. -

Ceiling. The ceiling is of the suspended type. Precast reinforced concrete
pa.nel_TEs 198 x 39.5 cm. (78 x 15.5.4n.) and 8 cm. (3.15 in.) thick are laid on
welded supports consisting of a channel steel beam No. 30 a (weight - 23.2 1bs
per ft.; channel depth -"II.7 4n.; flange width - 3.32 in.; web thickness -
0.29% fn.; area-6.8 in2; See: SES Report No. 1, Teble 1.0253B) and a 65 x 65x6
(2.56 x 2.56 x 0.236 1in.) angie vhich are bolted to the gussets of the lower
truss chords. The celling panels are covered with a moisture-resisting layer,
slag wool heat insulation panels 10 cm. (3.9% in.) thick, and & 3 cm. (1.18 in.)
thick layer of cement.

Construction time table. By the end of February 1956, the following elements
of the structure were erected: walls, -trusses,and roof cover slabs; the fully
insulated ceiling was suspended ‘from the lower truss chords. It was planned to
complete the wall brickwork before the arrival of cold weather, somefime in
October 1955, but actually the brickwork was laid by freezing method in November-
December at temperatures belov 32°F.

Failure of .the Pier.

On 1 March 1956, the pier at the interséction of axes P - 22 (Plate L4T)
collapsed. As a result, the truss supported by the pier also collapsed and so
.did two bay lengths of ceiling and roof slabs.

Causes of Failure

Post-failure investigation revealed the following facts as regards materials
and peculie.rities of the comstruction work:

1. Mor‘tar

a) No observations of the mortar temperature were made durd.ng the
brick laying, nor were morta.r Specimens prepared or tested.

b) -, According to the work progress log, the composition of the morter
was cement-sand in’the ratio of 1:5. On the basis of weight and volume of the'
mortar components, the laboratory did establish that the log record was correct.
The exact quality of cement, however, could not be established. It was presumed-
that cement was the slowly hardening puzzuplanic portland cement, Mark 400 which
Just happened to be delivered to the site at the time, The mechanical proper-
ties tests of the mortar gave the following results:
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Ultimate compressive
Kind of Specimen - 2stzreng'!;h 2
' kg/cm 1b/in’

Hand molded cubes cured in moist chamber 3.7 52.5
for 3 days.

Similar cubes held for 3 days at 68°F snd 2.3 32.7
relative humidity of the air

Specimen held in moist chamber for 28 days 4.7 66.8

A 2.82 x 2,94 x 2,99 1n. specimen sawn 6.0 85.3
out of pier brickwork » held in moist
chamber for 28 days.

The above table indicates that under no conditions dia the mortar approach
the compressive strength upon which the design was based (U426 1b/in2 according
to NITU - 120-55, Table 3).

2. Brick

Wall calculations called for Mark 100 brick. Tests on 10 bricks taken from
the damaged brickwork showed that their compressive strength (111 kg/em® -
1,580 1b/in ) was adequate, but that their bending strength (16 kg/em2 - 208 Y1)
corresponded to that of Mark T5 brick., Moreover, a number of hollow bricks with
thinly sealed tops were discovered; the compressive strength' of these was about
the same as that of Mark 75 brick.

3. Peculiarities of Construction Work

a) Facing tile ends were embedded in brickwork bed Joints to the depth of
10 cm. (3.9% in.); these joints were made some 3-4 em. (1.18 - 1,58

heaters were installed in the
collapse. This brought about
Since the weather happened
to be very mild, thawing of the walls set in also on the outside. Thus, on
the day of collapse, the mortar vas at its minimum strength on both sides of
the walls and frozen in the middle, where its compressive strength was somewvhere
between 2 and 10 kg/em2(28.4 - 14o 1b/in2),

¢) The designers provided no chases in the wall for the piping leading to
heating appliasnces. The Plunbers! drawings, on the other hand, called for a
6.5 x 6.5 eam. (2.56 x 2.56 in.) horizontal chase in the well right under the
Pier that was to fail., A day before the collapse, the plumbers cut the chase

-89-
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to the depth of from 12 to 14 em. (4.72 - 5.51 in.) instead of the specified
6.5 cm. (2.56 in.). Effect of such a chase upon the strength of the brickwork
even if it were laid under the summer conditions should have been verified by
by new calculations. This was not done and the wall was allowed to be further

weakened.

d) Neither the designers nor the builders provided for temporary bracing
during the thaw period.

e) Pier reinforcement was laid incorrectly. This was assumed following
the inspection of an undamaged pier.

f) It was noted that the piers remaining standing deviated outward from
the perpendicular some 4.5 cm (1.77 in.) instead of the allowed 2 cm. (0.787 in.).

The sbove facts syggest that the inadequate bearing capacity of the pier
during the thawing period constituted the main cause of the accident.

The main factors which affected the brickwork bearing capacity adversely
were the following:

a) inadequate quality of mortar;

b) inadequate quality of brick;

c) incorrectly placed "zigzag" reinforcement;

d) absence of temporary bracing for the thawing period;

"e) with brickwork laying calculated for summer conditions, the mortar

mark was not raised one step to allow for the winter conditions
which prevaliled when thg‘ brick was actually laid;

f) weakening of the pier by the 12-1% cm. (4.74-5.51 in.) chase, not
specified by the designers, as well as by the enlarged racing tile
Joints.

Reconstruction

All piers that rana.ined standing were strenqthened. by temporary outside
supports.. -

The roof truss load was transferred to the foundations through steel sup-
ports which were anchored to the brick piers; this was done because the lsbora~-
tory tests had indicated that under no conditions could the mortar in the plers
reach the compressive strength envisaged by the designers.
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Note

The designers, assuming that the quality of materials would be adequate,
calculated the pler stresses for sumer conditions, presumsbly correctly. Their
main fault lies in their allowing the erection of the walls by the freezing
method without the necessary modification of the specifications calculated for
suwmer conditions and in failing to design temporary bracing for the thawing
period.

The bullding materials factories forwarded the wrong kind of brick to the
bullding site under cover of "correct" certificates.

The bullders used inadequate mortar without ever testing it and allowed
further weakening of the pier by constructing fau]"ty bed joints, incorrectly
laying reinforcement and disregarding the effects of an unnecessarily deep chase
cut by the plumbers.

In sum, the accident was due to negligence, primarily on the part of the
designers and bullders. The brick factories were at fault » too. However,the
designers and builders. should have tested the brick before and during the con-
struction rather thean after the aeccident.

Source

Moscow TsINIS. Causes of Structural Failures s Pp. 5-12.
TH 3401.MT
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1. Training hall; 2. Collapsed pier; 3.

Plan

Conversion Table

e

160
300

LLO

- 600
16,580

28,000

HAND GAMES TRAINING HALL, MOSCOW

in.

0.53
0.98
1.44
1.97
5Leks
91.9

e iy

Precast reinforced concrete columns

Source: Moscow TsINIS, Causes of Structural Failures, p. 6. (TH 3401 ,M7)

PLATE 47
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1, Steel tms§; 2. Roof slabs; 3, Ceiling; 4, Tile facing; 5. Precast reinforced
concrete lintel; 6, Heating panel recess; 7., Radiator recess,

Transverse Section

Conversion Table

me  ft,
80 0.26
100 0.33
120 0.39
130 0.43

- 250 0.82
390  1.28
450 1.48
900 2.96
1,500 4e9
2,410 7.9

3,600 11.8
6,000 19,7
6,650 21.8
10,100 33,2
16,580 5444

HAND GAMES TRAINING HALL, MOSCOW
Source: Moscow TsINIS., Causes of Structural Failures, p, 7 (TH 3401.M7)
PLATE 48
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CH..APTER X111
DEFECTIVE CONSTRUCTION OF CD!ENT STORAGE SILOS
. Location
Bryansk cement factory.

Structure
Two groups of freestanding reinforced concrete silos. Each group consists
of six silos leld out as indicated in plan on Plate 49, fig. 1.

The silos provide storage space for cement produced by the Bryansk factory.
Construction -

The silos are fi,’lled with cexment via an uppei' gallery; they are emptied
pneumatically under air pressure of 3 atm. (4l 1b/in2) presumebly through two
bottom openings.

Each silo is 26.7 m. (87.6 £t.) high and has inside dismeter of 9.5 m.
(31.2 ‘:’f‘t.). Its storage capacity is 2,600 m. tons of cement.

Foundationg. Each silo is supported by nine columns, one at the center and
eight along the circumference. These columns rest on a solid reinforced concrete
sleb which extends under all 12 cilos.

Walls. Cylindrical silo walls are of Mark 140 reinforced concrete; they are.
18 cm. (7.09 in.) thick.

Cross section of the wall is shown on Plate 49, fig. 3.
)

Wall reinforcement. Wall reinforcement consists of two rows of steel rods
pleced vertically and two horizontally. From the point of view of the distri-
bution of horizontal reinforcement, the wall may be regarded es divided into
T zones as follows: -

Zone Height of the Zone Number Rod Diemeter

No. nm. . of rods mm.  in.
5,700 18.7 46 16 0.630
5,000 16.4 50 ik 0.551
5,000 16.4 45 L 0.551
4,000 13.1 4o 12 0.472
3,000 9.84 30 10 0.39%
2,000 6.56 1k 10 0.394
2,000 6.56 10 .+ 10 0.394

Vertical section of the wall showing reinforcement arrangement appears
on Plate 4G, fig. 2.

=Gl
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Time of comstruction. Silos Nos. 4, 5, 6, 13, 14, 15 were built during
1951-1952; silos Nos. 7, 8, 9, 10, 11, 12 during 1952-1953.

Collapse of Silo No. 7

On 11 November 1954, silo No. 7 collapsed in the following circumstances.

On that day, the silo filled to capacity (2,600 m.tons), was to be emptied
for the first time since it had become operational. It-was discovered in the
attempt that the side opening as well as the two bottom openings of the silo
were clogged. When one of the bottom openings had been cleared, 90 tomns of
cement were successfully unloaded in two stages into two railroed .cars. Shortly
afterwards, the silo collapsed with a roar.

First, &t thé height of from 8 to 10 m. (26.3 to 32.8 ft.), the upper part
of the silo turned scmewhat and began to list in the direction of silo No. 6;
then, rapidly increessing vertical cracks appeared in its wall, which began to
bulge; finally, the silo and its loading platform collapsed. Only a circular
"gtump" some 3.5 - %.5 m. (11.5 - 14.8 ft.) high remained standing.

In their fall, the fragments of the collapsing silo meade deep scars in the
well of the silo No. 12 and dsmaged silo No. 8, producing & 7 x 5 m. (23 x 16.4 £t.)
gaping hole in ite side at the height of scme 5 m. (16.4 f£t.).

A photograph of the wreckage is shown on Plate 50.

Causes of Failure of Silo No. 7

Examination of the collapsed silo No. 7 disclosed that:

1) in places, the thickness of the wall was 16 cm. (6.30 in.) instead of
the specified 18 cm. (7.09 in.)

2) the quantity of wall reinforcement in the 2nd zone (at the height of
between 18.7 and 35.1 £t. from the bottom) amounted to 531: only of that specified.

It was concluded that:

1) the construction of the silo wall being defective, the immediate cause
of the collapse might have been due to a sudden slippage inside the silo of some
2500 m. tons of packed cement into the cavity formed by the extrusion under air
pressure of 90 m. tons of cement in the course of the emptying operation;
(considereble air pressure, 44 1b/in2 or more, applied in the lower part of the
silo may have had a compressive effect on the upper layers; these packed layers
may have formed for a brief period, in the course of emptying a sort of pre-
cariously stable cupola, particulerly if cement was allowed to remain undisturbed
in the silo for a considerable length of time);

2
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. -

2) the basic cause of the fallure was due to the overstresses in the hori.
zontal. reinforcement developing under the action of operational loads.

)(Note: The source makes no mention of possible imperfect roundness of the
silo). ..

Defective Construction of the Remaining Silos

Collapse of silo No. 7 was followed by a very thorough exsmination of. all
the remaining silos. The quality of concrete was tested and the thickness of
the walls verified. By means of specially cut grooves, wall reinforcement was
checked at various levels as to the quality of the steel, the dismeter of rods
and the distance between the rods. The following conclusions were reached:

1) the quality of concrete and steel corresponded to that specified by
the designers:

2) all walls had vertical crpcks;

3) wall thickness (including that of silo No. 7) was 16 cm. {6.30 in.) in
places instead of the specified 18 cm. (7.09 in.)

4) in emptying,the practice of gradually raising air pressure in silos
through successive opening of air valves was not observed; there were not even
pressure gauges on the air lines;

5) the silo design was not altogether correct although the designers had
fully adhered to the "Technical Conditions" effective in 1950. The weaknesses
of design were the following:

a) horizontal reinforcement was Joined by means of lap joints without
welding (such joints were accepted not only by the "Technical
Conditions" of 1950 but also by the "Instructions on Calculations
of Operational Loads in Silo Design," issued in 1952 under the
title: U-115-52 MSPTI*);

pressure increase coefficient in Jansen's formula was taken in
gilo calculations to be equal 1.5; the U-115-52 MSPTI gives this
coefficient as 2;

nelther the U-=115-52 MSPTI nor the designers had taken intc
account the effects upon reinforcement of the air pressure for
foreing out the cement, which could be 44 1b/in2, or higher in
the case of clogged discharge openings.

6) the distance between the reinforcement rods was equal in-places to
5T cm. (22.% in.) instead of the specified 10-12 cm. (3.94-k.72 in.).

*MSPTI stands for: The Ministry for Construction of Heavy Industry Establish-
- ments.

~96~
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Some defects of individual silos, particularly with respect to proper
‘ distribution of reinforcement appear in the following table:

Silo No. Principal Defects

L The quantity of reinforcement in the lower half of the silo
: smounted to 89% of that specified.

Numerous vertical cracks up to 12 mm. (0.4g2 in.) wide; wall
bulged in the direction of side openings; reinforcement,
distributed very unevenly, amounted to 5T% of that specified,

Three test grooves at the height of 5.32 m. (1T7.h £t.) from
the bottom indicated that reinforcement amounted to from
49 to 58% of that specified.

Reinforcement in places amounted to no more that Log of that
specified; wall bulged in the direction of side opening; many
vertical cracks - cracks were noted as early as June 195k,
but they were only patched up with cement.

Reinforcement in the first zone of the wall amounted to 92%,
and in the second zone to 6T%, of that specified.

Reconstruction

Silos Nos. 8 » 9, 10, 11, 12 were put temporarily out of commission until
such time as they could be appropristely strengthened.

.Silos Nos. 4, 5, 6, 13, 14, 15 were to be utilized up to the height of
20 m. (65.6 £t.) only, i. e. to about 3/4 of their capacity.

Vertiéal and cross sections of the reconstructed Silo No. 7 are shown on
Plate 51, figs. 1, 2, and 3.

8ilo No. T was reconstructed as follows. The outside surface of the
remaining Ystump" was notched, washed and surrounded to the height of 3.5 m.,
(11.5 £t.) from the bottom by a reinforced concrete casing 15 cm. (5.91 in.)
thick. Above the casing, the wall was recopstructed in accordance with the
old dimensions (inside radius - 31.2 £t., wall thickness - 7.09 in.). Reinforce-
ment was handled in the light of experience obtained in connection with the
failure of silo,
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. Strengthening of other silos presented an urgent problem lest the factory
production be hampered. For this purpose, casings made of welded steel sheets
were erected around the entire height of each silo. The space between the out-
slde surface of silo walls and the casing was filled with concrete; the casings
were painted with aluminum paint. -

A vhotograph of silos in the process of being strengthened is shown on
Plate 52. ' .

-~ Note

Responsibility for defective comstruction rests with the designers and
builders. For once, the quality of construction materials does not seem to
have pleyed any part in the failure of the structure.

Source

Moscow TsINIS. Causes of Structursl Failures,
pp. 42-49. TH 3%01.MT7
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Fige 1. Silo layout

Reinforcemert
Conversion Table

10 0.394 i
12 0.472 ‘
14 10.551 ;
16 0,630

26700 —--
PHC. 2. ApMHpOBaRite CHAOCHOR GaHKy

Cadon
2P 1990¥)

Fig. 3. Silo Wall; cross sectior,

Conversion Tatle

mm, ft.
180 0.59
4,00 1,31
5C0 1l.64
2,000 6456
3,000 9.84
4,000 13.1 Fig. 2. Silo wall; vertical
4,780 15.7 section showinfg
- 4,900 16,1 reinforcement distri-
5,000 16.4 tutior in 7 zores,
5,700 18.7 .
9,500 1.2

- - -+ 10,440 34,2

26,700 87.6
DEFKCTIVE CEN}-P\T STORAGE SlIOS (Rxpénsk factcry)
Source: Moscow TsINIS, Causes of Structural Failures pp. 42-43,
(TH 3401.M7)

| PLATE 49 -9
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5110 NO.7 AFTER THE COLLAPSE (Bryansk factory)
Source: Moscow TsINIS. Causes of Structural Faillures, p. 4. (TEWOL.MT)

PLAYE 50
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Pasoeanal-?

Fig, 1 z g R e
Vertical Section - — §] Section 2-2, New wall.
a) The old wall b) Reinforcement;
160 vertical bars alorg
circumference.

Note: In the plans, the
wall thickness is shown
at atout twice the scale
Blof the over-all dimensiors
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Fig. 3. Sectior 1l-l. Encased old wall.
b) Reinfercemert; 160 vertical bars along circumference.

Corversion Table

150 0.49 4,910 16,1
180 0.59 4,930 16.2
. 192 0.63 4,950 16.3
199 0.65 5,060 16,6
400 1,31 5,080 16.7
3,500 11.5 5,205 17.1
4,750 15,6 23,200 76.1
4,770 15.7

RECCNSTRUCTION CF STLO lo. 7 (Pryansk factory)
Source: Moscow TsINIS. Causes of Structural Failures, p. 48. (TH 3401 ,M7)

PLATE 51

-
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STRENGTHENING OF SILOS (Brysnsk factory)
. Source: Moscow TsINIS. Causes of Structural Failures, p. 49. (TH 3401.MT)

PLATE 52 102
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_CHAPTER XIV

FAILURE OF A REINFORCED CONCRETE SETTLING TANK (DG&ODEDGVO)

N

Location ‘
Purifying plent, Domodedovo, Podolsk District, Moscow Oblast!'.
Structure

Circular reinforced concrete settling tank with conical bottom, sunken in
the earth. ’

Construction
Plén and section of the tank are shown on Plate 53, figs. 1 and 2.

The tank is 11 m. (36.1 £t.) high; its inside dieameter is 9 m. (29.5 ft.).
In its upper part, the tank has 2 reinforced concrete settling troughs with
reinforced concrete distributing and collecting pans.

A reinforced concrete silt chamber is connected to the upper part of the
tank with a monolithic joint. The overall dimensions of the chanber are:

Length 2.8 m. (9.18 £t.)
width 2.1 m. (6.89 £t.)
Height 2.65 m. (8.69 £t.)
Wall thickness 30 cm. (11.8 in.)

Foundation. The bottom of the tank rests on an inverted conical foundation
of Mark 50 concrete; it appears to be sbout 7 inches thick.

Conical Tank Bottom. It is of Mark 140 concrete; 12 cm. (k.72 in.):thick.

Tank Wall. The circular tank wall is of Mark 140 concrete. It is 12 cm.
(4.72 in.) thick in its upper part end 20 cm. (7.87 in.) in its lower part.
The part sdjoining the bottom has, on the outside, an added thickness of 10 cm.
(3.9 in.) extending to the height of 70 cm. (27.6 in.) and, on the inside, an
angle bracket built to the same height all along the circumference.

Reinforcement. Vertical reinforcement of the wall and reinforcement of
+the bottom consist of smooth steel rods. Horizontal reinforcement and that of
the angle bracket is made of hot-rolled deformed bars. The wall has double
row of rainforcement to the height of 4 m. (13.1 £t.); sbove that height rein-
forcement is arranged in & single row.

Insuletion. The wall was to be insulated on the outside with moisture
resistant material to the height of 5.82 m. (19.1 £t.) and protected to the saxe
height with a brick wall. This wall was to be one stretcher thick and laid with
cement Mark 50 mortar.
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Coating. According to the specifications, the interior surfaces of the
tank, troughs, and pans were to be gunited.

Construction Procedure and Fsilure of the Tank

Pouring was started in August 1955.

The inner part of the form was built to the entire height of the tank; the
outer part was erected by circular sections, 1 m. (3.28 f£t.) high, as the pouring
advanced.

The £illing of one circular section with concrete was sometimes done in one
operation; sometimes in 2 or 3 stages with interruptions of from 16 to 20 hours
or even 2 or 3 days.

Concrete was brought in part from the Domodedovo factory for concrete pro-
ducts; in part wes prepared at the site. In’ either case, no certificate of quality
of concrete was mede, No lsboratory test cubes were prepared, nor was the work
progress log kept.

Pourding was finished in November 1955.

Removal of interior concrete form disclosed that the inner surface of the
wall was honeycambed particularly in its lower part. A plece of concrete was
easily broken off &f that part and sent to the laboratory. Its strengfh was so
low that no test of mechanical properties could be made.

In these circumstances, the inner surfaces were not gun sprayed - instead,
they were plastered. The outer concrete form was not dismantled; consequently,
no insulmtion could be aspplied nor the brick wall built. The cavity around the
tenk snd silt chamber, their concrete forms still in place,was filled with soil
moved by a bulldozer.

Shortly afterwards, bulging snd cracks sppeared on the surface of the tank
wall in the region of its monolithic joint with the silt chamber; a gap formed
between the chamber and the tank wall. The chamber was settling fast. To
remedy the situation, reinforcement between the chamber and the tank was cub;
bricks were laid in the gap and plastered. '

It was in this condition that the operating agency accepted the tank for
temporary use in December 1955.

With the spring of 1956, came further settling of +the £ill around the tank.
The chamber sank lower; the pans sagged in places from 30 to 50 cm. (11.8 -
19.7 in.) and broke.

The purifying plant had to be shut down.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

Water was never pumped out of the tank; it soon disappeared, however, ornly
same of it remeining in the conicel bottom. It was then that the discovery ‘was
made that et the height of 1.5 - 2 m. (4.92 - 6.56 £t.) from the bottom the tank
wall crumbled all along the circumference revealing bare and bulging reinforce-~
ment. The part of the wall above the damaged section slid down some 20-30 cm.
(7.87-11.8 in.). Section of the damaged tank is shown in drawing on Plate 5.

- Causes of Failure

The failure of the tank was primarily caused by the low quality of concrete
used in its construction, which was apparently due to two factors:

1) it appears that unwashed fire sand with high content of clay and other™
impurities had been used in the preparation of concrete.

2) +the builders disregarded Section III, Concrete and Reinforced Concrete
Jobs, Paragraph 159 of the Soviet "Technical Conditions" for the execution and
acceptance of construction and erection jobs. Section III requires that follow-
ing an interruption of more then 2 hours the pouring orfconcrete may be resumed
only after the previously poared concrete had reached the campressive strength
of not less than 12 kg/em2 (170 1b/in2).

This procedure involves laboratory testing which was disregarded. Equally
dlsregerded wes the ;t:getica.l rule to the effect that concrete made with portland
cement of Mark lower ‘than and poured in September-October requires about

100 hours to reach the strength of 12 kg/em2 or 170 1b/in2.

Reﬁconstruction

A new tank was built. The walls of the old tank were used a8 external
concrete form.

Settling troughs were cut off of the old tank and Joined monolithically
with the walls of the new onme.

Collecting and distributing troughs as well as the silt chamber were built
anew.

Note

Neither the quality of the uncertified concrete supplied by the Damodedovo
factory of reinforced concrete objects nor the quality of concrete prepared at
the site were tested by the builders. ‘

During the earth-filling operation of the cavity around the tank supports
of the silt chamber iere disturbed, apparently by the bulldozer » before the
silt chan_xber concrete was allowed to set.

The rules governing the pouring of concrete after an interruption were

not followed. This naturally / affected the structure of the previously poured
and not yet-sufficiently hardened concrete.

=105
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'

. The gbove facts ;i‘.estiry'to negligence on the part of the builders who seem
to be solely responsible for the faulty comstructiom.

Source
bource

b!osca§ TsINIS. Causes of Structural Failures, pp. 33-38.
TH 340L.MT
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Fig. 1. Section A-h Fig. 2. Plan .
1. Settl:%ng trough; 2, Silt chamber; 3, Tank wall; 4. Water insulations i
5, Brick protecting wall; 6. Conical tank bottom; 7. Mark 50 concrete foundation;
8. Collecting pans; 9, Distributing pans

Conversion Table

mn,  ft. mm.e ft.
100 0.33 1,550 5.09
120 0,39 1,600 5,25
U0  0.46 1,620 5432
150 0.49 2,350  7.72
300 0.98 2,480 815
350  1.15 5 2,500 8.2
LOO 1,31 2,600  8.54
600 1,97 4,300 1kl
1,000 3.28 8,520  28.0
1,500 4,93 9,000  29.5

~

- REINFORCED CONCRETE SETTLING TANK (Domodedovo)
Source: Moscow TsINIS, Causes of Structural Failures, p. 34. (TH 3401.M7)

PLATE 53 107
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1, Tank level at erection; 2. Tank level after wall
[ disintegration; 3. Silt chamter after settlement;
: L. Crumbled zone of the wall,

View of the Damage

Conversion Table

o108 ft.
248 8,15
250 8.21
265 8,70
852 28.0
900 295

1,100 36.1

REINFORCED CONCRETE SETTLING TANK (Domodedovo)
Source: Moscow, TsINIS, Causes of Structural Pailures, p. 37 (TH 3401.M7)

PLATE 54
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CHAPTER XV
RACKING OF A STEEL BUILDING FRAME (SIBERTA)
Location
Scmevhere in éiber:l.a
Structure
Four-aisle steel building frame without roof covering. Upon completion,
the structure is to house the second section of a Heat and Electric Power Sta~

tion (TETe).

Soil at the Buildipg Site

The structure is erected on a non«séttling , water-saturated loess-like loam
layer.

Construction
Plan and veritical section of the structure ars shown on Plate 55, fig. 1.

.Dimensions: 7 -
Overall width 68.5 m.
Over&ll hei@t '. I‘l‘o'2'mo -
Overall length 45.0 m. approx.
Bsy length 6.2 m.

Foundations. Foundetions are continuous, with reinforced concrete pillars
under columns., Along exes B and C (bunker section) the columns rest on & solid
reinforced concrete slab which is 1 m. (3.28 £t.) thick.

Construction Time Table. The steel frame was erected in the middle of 1952.
Before the joints of the frame were permenently fastened, the columns were aligned
in July 1952. Sights were teken of the tops of the anchor bolts of the column
shoes. Only a few columns were found to be out of line; they had shifted south-
eastward from 5 to 20 mm. (0.197 to 0.787 in.) beyond the alloweble limit.

Signs of Racking

VO A
In Fehruary 1953, when the filling of frames with brickwork was in progress,
it was noted that at the height of approximately 19 m. (62.3 ft.) along axis B
the brickwork was outside the plane of the frame. This suggested that the
columns might have been out of line same 60-90 mm. (2.36-3.54in.) beyond the
alloweble limit. o

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R00210001000—0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/06/21 : CIA-RDP81-01043R002100010003-0

Investigation established that:

!
1) All colwmns were out of plumb and leaned in the south-easterly
_direction. The joints at the height of 33 m. (108 ft.) along axes C and D,
for instance, had shifted horizontaelly fmom 100 to 153 mm. (3.9% to 6.0 in.)

2) The meximum shift of columns in both longitudinal and transverse
directions occurred along axes B and C in rows from 2 to 6 and decreased same-
what toward row 8, i. e., toward the end wall of the operational part of the
TETs. (Plate 55, fig. 25.

3) Foundations had moved upwards and so did the columms up to 60 mm.
(2.36 in.) in rows 2-6 al axis B with the heaving gradually decreasing toward
row 8 along axes A and B ?ggate 55, fig. 2).

4) The soil around foundations was frozen along Axis B to a depth of
40 cm. (15.8 in.) and along axis C to a depth of 15 cm. The soil did not lose
its ductility. It was permeated with ice flakes; brought into a warm room it
acquired the consistency of thick sour cream within 20 minutes. A diagram
showing vertical shifting of foundation in the frozen ground is shown on Plate 55,
fig. 3.

Foreseeing the possibility of freezing of foundatioms, before heavy frost,
the builders packed some 1,000 m3 (1,308 yd3) of boiler slag around the founde-
tions. However, they ileft URtovered large areas located beuwe&R rows 2-5 in
the reinforced concrete slab underlying a’sle B-C.

Causes of Racking

The heaving of the frame was due to & non-uniform freezing of the soil
under foundations, particularly under the solid slab of B=C aisle.

In general, the most dangerous source of unexpected forces is the upper
70 cm. (27.6 in.) lasyer of frozen bulging soils. In the case under considera- -
tion, & 40 cm. (15.8 in.) frozen layer of a particular soil heaved the structure
same 60 mm. (2.36 in.); this corresponds to an increase of 15 % in the volume
of the soil.

Plumbing the Structure

It was out of the question to wait for the natural settlement of founda~-
tions, because of rigid comstruction deadlines.

Electrical or steam heating of the frozen soil under the 3-foot thick
reinforced concrete slsb was rejected as impracticable.

The method finally adopted is indicated in the sketch on Plate 55, fig. b,
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Three 2-inch perforated steel pipes were 1aid along the length of the slab
in aisle B-C and connected with live steam pipes of the TETs. Excavation in
eisle A-B and the "trough" B-C were filled with water. A 1,000 m2(10,760 £t2)
"pool" was thus formed. A temperature of some 60-70°C (140-1580F) was main-
teined in the "trough" by the live steam passing throvah the perforated pipes.
The temperature of water in aisle A-B stood at 5-10°¢ (41-50°F) without heating.

Foundation heating operation was started on 25 March and ended on 6 April 1953.
Observetions indicated that on 11 April 1953, the greater part of foundations had
- passed the point of the beginning of heaving and that the natural settlement of
foundations was beginning,

Perfect plumbing of columns was never achieved, but the limear ghift of the
columns was considersbly reduced. The following table gives an example of the
decrease in linear shift of a frame joint at the height of 108 ft. along axis D:

Row T Ultimate Shift Shift decrmeased GO
mm. : . M. in,

25 0.984
15 0.591
50 1.97

4o 1.57
90
4o
4o

3.54
1.57
1.57

Th
73

. A {

With settlement of foundations steblized, those parts of the structure were
strengthened where deviations from "The Technical Conditions" were cbserved.
No further complications were encountered.

Source

Stroitel'nays Promyshlemnost', No. 3, 1955, PP- 2426,
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Conversion Table

mne fte

r;sa.vm 6,200 20.4

. 9,500 31.2
16’000 52.5

- 27’000 8806
Me Ite

3.80 12.5

11.50 37.8

19,70 62.4

29.20 95 '8

33,00 108.3

40,20 132.0

. Cywecmbyrowan TIU

Fig. 1. Plan and vertical section;
the frame adjoins the TETs
already in operation,

| Jz) |
Fige Gwnieswing of foundations along

axes B and C. (displacements in
mm, ).

-) C
' deprany 0oder 8 ngo- ' 3 mpybs @ 2° ¢ neo-
i) ngme A+ 6 dea nodo-_  popauved
“ epeba coxpanana t+5%:10

——a

(o gl : i d of plumbing the structure;
®:'nﬂ%€apaﬁf§;‘lioe'5:‘:: Fig. 4. Method of p

5 0 .
D{WreT el =) a) slag; b) water temp. 140-158°F;
@\-+§§Ho wt52 wtl§

' c) 3 perforated 2" pipes; d) water
; ' ing, temp. 41-500F.

i without heating, Pe
® e-6 ! Pl D
® =20 | 4% =

1

Q w6 \ 9% =13
@

2

7- y f structure;
. 2. Heaving of foundations and racking o
Fle. 2 frozenparea under foundations 18 enclosed by
dotted line (displacements in mm.) ~
RACKED STEEL FRAMEOF A TETs ( Siberia)
Source: Stroitel'naya Promyshlennost', No. 3, 1955, pp. 24=26.

PLATE 55 1=
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CHAPTER XVI
PARTTAL COLLAPSE OF THREE-HINGED TRAPEZOIDAL STEEL BENTS
Locatio;l
The Middle Ural Region

Structure
Tﬁree-hinge trapezoidal arch steel bents. The structure which has been
in operation since 1951 serves a8 a raw matexrisl (unspeciﬁed) storehouse for
an industrial plant. .
- Construction

Plan of the structure is shown on Plate 56, fig. 1.

The structure is 23% m. (767. 6 £t.) long; two trarsverse expansion Joints
divide it in 3 sections; north, middle and south.

The trapezoidal arches are comstmcted of I-45 steel beams (no weight is
given; refer to SES Report No. 1, Tables: 1.0256B and 1.0257B).

Arch spen 30 m. §98.1+ £t.)

Bay length 6 m. (19.7 £t.)
Walls one stretcher, slag concrete.
Roof purlins covered with corrugated
- asbestos board.
Monitor longitudinal (Plate 56, fig. 2)
Conveyer gallery longitudinal, located in the middle of
the aisle at the height of 14 m.

(45.9 £t.)

Arches along axes 29, 30, and 31 (Plate 56, fig. 1) were strengthened in
connection with a re-losding installation located undermeath (no details are

specified).

Partial Collapse of the Roof

At the end of December 1956, with the outside temperature of -13°C (8.6°F),
the middle part of the roof collapsed.

According to witnesses, the failure started with axis 28 and spread north-
ward with western semi-arches falling first and being followed by the eastern.
The strengthened arches along axes 29, 30, and 31 were damaged but remained
standing.

The first to fall and the most warped western semi-arch along axis 28 is
shown in photograph on Plate 57. .

“113=
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Causes of Collapse

. The structure was designed in éccordance with 08T-90058-40 norms wherein
the allowsble snovw load value of 60 kg/m2 (12.3 1b/2t2) was indicated for the
slope of the roof (38040') in the case under consideration.

Following the collapse of the roof, the depth.of snow on itg remaining
parts was actually measured. It was found that the snow layer was; :

) thick on the conveyer gallery roof; .
in.) thick on the slope of the arch (perpendi-~
cular to 1t); o ’ !
up to 1,100 mm. 2 43.3 in.) thick on the monitor ?iest side).

up to 900 mm. 35,4 in, ) thick on the monitor (east side)

Photographs of the ,snm} load on the damaged roof are shown on Plate 58.

150-200 mm. &5.‘91-7._87 in;
570 ﬂo' 22014" h

The spow was heavily mixed with dust and ash, its volume weight was 235 kg/m3
(14.6 1b/£t°). Presence of considerable amount of ash in the snow not only
increases the volume weight of the snow but also raises the value of the coeffi-
oient of friction between the snow and the roof. ' '

The actual snow load on the sloping part of the roof was equal to 134 l:'g'/n2
(27-% 1p/£t2), 4. e. more than twicé the allowable value. Recalculations on the
sbove basis indicated that stresses in the steel 5T The arch had passed the yleld.
point, Hence the buckling and the collapse. )

Tn this connection, it may be noted that the total precipitation in the
form of snow in this region,. as given by the meteorological reports, is the
following: ) Temeem :

Year Snowfall

mn.

1951/52 o Thob
1952/53 129.5
1953/54 102.1
1954 /55 134.8
1955/56 85.9
. 1956 (to 26 Dec.) 147.0

Source

Stroitel'naya Promyshlennost' , No, T, July 1957,
: ° pp. 18-19.7 _

11l -
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Fig. 1. Plan

18,85
g

14,00
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? 7 mcumreaumen
|

280" 145 _<»

30,0

Fig: 2. Transverse section.
a) one-stretcher slag concrete walls
b) corrugated asbestos panels

Conversion Table

| Be L.

3.50 11.5
LT7.7
k6.0
61.9
98.k

30,00 .
767.6

THREESHINGED TRAPEZOIDAL STEEL BENRTS
Source: Strolitel'naya Promyshlemnost'; No. 7, 1957, p+ 19

PLATE 56

-
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Western semi-arch (axis 28) after collapse

THREE-RINGED TRAPEZOIDAL STEEL BENTS
Source: Stroitel'naya Promyshlennost', No. 7, 1957, p. 19

PLATE 57
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Viewof sunovw load on the damaged roof

: . THREE~HINGED TRAPEZOIDAL STEEL BENTS
Source: . Stroitel'nays Promyshlennost®, No.~ Ty 1957, 2» 20
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CEAPTER XVII
FAILURE ormos'mnoormvssgsmmmwsmmsmwmm
- Location
The Middle Ural Region

Structure

Two-aisle industrial stz.jucture with Warren steel roof trusses and a
1ongitu§inal monitor. Wall construction is not indicated.

Constryuction

The steel roof truss, span - 24 m. or 78.T £t., is shown in drawing on
Plate 59.

Roof. The steel roof trusses are covered with:

a) extra strong corrugated asbestos board;

b) 2 layers of slag wool with total thickness of 90 mm. (3.54 in.);
cg 1 layer of cement 35-40 mm. (1.38-1.57 in.) thick;

d) water-proofing material

Failure of Two Steel Roof Trusses

Early in 1957, web diagonals No. 8 bulged out in two trusses in the leeward
aisle of the structure. A 600 mm. (23.6 in.) buckling occurred in the lower
joints of the damaged diagonals. The roof trusses did not collapse, part of
their load being borme by the monitor. #

Causes of Truss Damage
It was established that:

1. The snow on the roof was mixed with industrial dust; its volume
welght varied from 220-390 kg/m3(14-2h 1b/£t3); actual snow load was equal in
places to 500 kg/m@ (102 1b/ft2), i.e., more than 5 times the allowable load;
however, since the shape of the snow layer wes almost triangular, the total
snow load was only slightly sbove the allowable.

0. The total load on the roof truss (desd and snow) was 51.73 m. tons
(114 kips) as against the slloweble load of 36.6 m. tons (80.7 kips). In the
original load calculations, the normal force and stress in the eventually
damaged web diagonals No. 8 were 11 m.tons (24.3 kips), and 1,390 kg/cme
(19.7 k/in®) respectively; it was therefore suggested that the increase in load
on truss (from 80.7 to 114 kips) was not necessarily vesponsible for the extent
of damage sustained by the web diagonals No. 8.
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. 3. Roof trusses for the adjacent aisles were designed as simple trusses,
but the builder made them continuous, apparently without recalculatioms. This
kind of approach to the laws of statics resulted in the following redistribution
of forces in the affected web diagonals No. 8: :

Simple truss i Continuous Truss

—

Allowable Load Allowable Load Actual Losd -

Normal Force: =11 tons (-24.3 kips) =17.2 tons (=37.9 kips)| -24.6 tons
. («5%.2 kips)
Stress: 1,390 kg/m2(19.7 k/in2) | 2,170 kg/cu?(30.8 k/in2)|- :;‘{100 kg/cn?

' (4% k/in2)

g ?herein lies the main cause of the e.

. .Note: As a result of the study of this and one other particular case
(pp.ll371E of this report) the following recommendation were made:

1. The original roof calculations should take into account whether the roof
is to be exposed to industrial ash and dust deposits or not. The same set of
rules should not apply in both cases.

e . 2. The previously established allowable snow losds for the Ural Region are
considerably lower thap the actual snow loads during the 1956/1957 winter season;
in view of this,_the question of roof recalculation in this region should be
considered.

3. Snow should be removed from the roofs; special equipment should be
designed to facilitate snow removal from extensive multi-aisle roofs.

L, Arbitrary structural design changes may prove to be dangerous; they
should be-avoided.

Source

Strolitel'naya Promyshlemnost', No. 7, July 1957,
ppa 19-21.
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TRUGS TH AN INDUSTRIAL STRUCTURE (Middle Ursl Region)
AX'C ‘St.rgtel'm Promyshlexmost!, No, 7, 1957, p» 20
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CHAPTER XVIII
FAILURE OF BTE'E;[.'ROOF TRUSSES IR INDUSTRIAL STRUCTURES
_ The following study deals with a number of cases of partial or complete
failure of roof trusses in industrial buildings, presumably in the Middle
Ural Region,

Undertaken apparently to prevent recurrence of such failures, it deals
specifically with dsmage due to:

a) Excessive roof dead loed and snow load;
b) Excessive slenderness ratio and bends in web coupression members;
c) Behds and cracks in gussets.
¥or convenience, the sbove material is treated in two parts:
1) Steel roof truss fallures and their causes;
2) Gusset defects and their causes.

The exsmples of truss failure or demage cited in the study seem to Justify
this arrangement. ——

I. Steel Roof Truss Failures

Case 1. Collapse of Roof 'l'rinsses in One-aisle Industrial Shop with Monitor.

The facts ascertained after the collapse were the following: -

Actuai weight of a 3-lsyer roofing 15-35 kg/me (3.07-T.1T 1b/ﬁ;2§

Calculated " " " 10 kg/m? (2.05 1b/1t2
Actual thickness of roof cement-sand layer 25-30 mm. (0.984=1.18 in.) -
Calculated " " " v 20 mm, (0.787 in.) '
Actual weight of ribbed reinforced concrete penels
105-117 kg/n2§2l.5-2k.0 1b/rt23
Calculated " " " " 100 kg/m2 (20.5 1b/£t2
Actual weight of truss : 50 kg/m2 (10.2 1b/rt2%
_Calculated " " " 4o kg/m? ( 8.19 1b/£t2)

Recalculations indicated that the total roof overload (dzad weight and
snow load) smounted to 50%, and the collapse of trusses was ascribved to that
fact.

Photograph on Plate 60, £ig. 1 shows the roof near monitor under & 2-2.5 m&.
(6.6-8.2 £%.) thick snow blanket.
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. Case 2. Buckling of Compressive Web Members out of the Plane of Purlin Carrier
Trusss = - N . .
Structure: Steel purlin carrier truss located between monitors in an
industrial- shop.

Construction of the Truss: The truss 1s shown in drawing on Plate 60, fig. 2.

Span - 12 m (39.% £%.)
Height - 2 m (6.56 f£t.)
Upper chord - 2 angles: 100 x 75 x 8 mm. ?3.9& x 2.95 x 0.315 :m.g
Lower chord - 2 angles: 65 x 65 x 6 mm. 2.56 x 2.56 x 0.236 in.
Web diagonals - a; 50 x 50 x 5 mm. 51.97 x 1.97 x 0.20 in,)

p) 65x65x 6 mn. (2.56 x 2.56 x 0.236 in.)

Damage %0 the Truss: 2 compressive web members buckled out of the plane of
the truss to ihe extent of 300 mm. (11.8 in.); the lower chord sagged 150 mm.
(5.9 in.); the truss did mnot collapse because its upper chord held well in the
column joint. The sagging truss is shown in drawing on Plate 60, £ig. 2; part
of the .truss with a buckled web diagonal appears in photograph on Plate 61, fig. 1.

Causes of Damage: After the damage the following was ascertained:

Slepderneas ratio of buckled diagonals:
a) transverse to truss plane 80
b) in the truss plane 99
Actusl average snow load around truss 360 kg/m2 (73.7 1b/£t2)
Allowable " .o " " 140 kg/m2 (28.7 1b/ft?)
Volume welght of snow 315 kg/m3 (19.5 1b/£t3)
Average depth of snow blanket 1.15 m. 3.76 £t.)
Actual roof dead weight 217 ke/m2 (4 1b/£t?)
Alloweble roof dead weight 235 ke/m2( 48.2'1b/£t2)
Actual total roof load 580 kg/m2§n8;8'lb/,ft2) .
Allowable total roof load 375 ke/m2( 76.8 1b/ft?),
- Overload 3 ‘
Actual force in web diagonal 19.8 m tons (43.8 k)
Critical Euler force Estraight; diagonal) -32.2 m tons (~T1.0 k)
Critical Euler force (initial bends taken
into account) -22.1 m tons (-48.8 k)
Safety factor (minimm steel yield point - 2,400 kg/em?- 34,100 1b/in2)
2201:1908 = 1012

The web diagonals had considerable initial berds out of the plane of the
truss acquired before, and./or during erection; this @aused sharp decrease of
eritical force. Combination of this factor and snow overload produced the web
buckling.
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Case 3. Buckling of a Post and Two Diagonals in a Roof Truss.

In .this case, the snow load was below that allowed; the total load on the
truss was only 92% of that allowed. ‘

Nevertheless, two web diagonals buckled out of the plane of the truss to
the extent of 300-500 mm. (11.8-19.7 in.) and so did one of the posts.

The damage was caused by initial bends out of the plane in those members,
vwhich' were inflicted upon them in the course of transporation and erection.

_ The drawing of the truss with some pertinent data appesr in the table below
(truss No. 3); the extent of damage may be seen in Photograph on Plate 61, fig. 2.
Some data pertaining to damaged steel trusses, already discussed or similar to
them (except trusses No. 1 and No. 4), are presented in the -table that follows:

Data on Damaged Steel Roof Truss.

Truss
S
@

Cross section
of
the member

Length of
the member.

'

Slenderness
ratio trans-
verse to the
plane of

' Standard compressive

stress, including
direct streas P/A &
bending stress Pe/S

Fabrication
tolerance

(¢/=1/1000)

truss. (¢ x straight-member

stress).

Feet 1b/in.2
P 0. S '
1Tz | 11

DIAGONAL

1%.9 101

Inches

T

2.56x2.56x0.236 18,300

3.94x3.94x0.315 21;, 000

DIAGCONAL

2.56x2.56x0.236 22,600

2.95x2.95%0.236 0.114

5.1x3.54x0.315

19,300

20,400
21,200

0.150
0.169

2.36x2.36x0.197

18,900 0.138

19,700 0.128

11.5 ’ 102

2.95%2.95%0.236|
a) The damaged members are indicated by heavier lines on truss drawin 3
‘ > 2 ngs
b; € svalue in inches of deflection ordinate in a compressed member b;nt
under axial load;

e) ~coefficient of decrease in axial compression allowable stress when
poth the direct compression and bending stress are taken into account. '

=123 = \
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Gritical value of | Eccemtricity ratio]
e at which combined | &// for éomplete
Stresses exceed loss of strength
zl:IL‘gwable , ‘ REMAREKS

1/125 5T web members with' ¢ = 0.39% in. in 56 trusses
(in some cases - =1,58 in.) ’
1/280 Some 4O% of trusses (22 out of 56) and
7.3% of all web members defective.

bd

1/225 - Bend € in tAIl€d trusses = 11.8, in other
i | trusses.< 5.9 in,; ein web members = 0.394 =0,787;

-

1/129 € in failed truss < 11.8 in,; in fnmerous
1/203 web members € = 0,394 in,

1/199

1/121

¢ in web diagonals in 2 failed trusses <
19.7-23.6 in. Trusses function as partly
: continuous; the force in demeged diagonals )
I = ] is therefore greater than ct}.locgéa).teg.a : lfg
Sfﬁ is evident from the table that the allowable values of e(e/] -1/1! o) H u 4.5 mm, .
(05120417 in.% were exceeded and the stresses from allowable loads were close to 1,600 kg/cm®

: N - PR
. . T ST e
. . e e ma w esew s meeemaeh e &) BaTC 0 OWERATITY SR, o vl D oo md ke d WA ® ‘
et eRTANML TN e 2R PTT O 7 P OYRERITIENG S SR S e e S R
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II Gussets: Defects and Their Causes

Cracks in or breakage of gussets are apparently due to the quallity of steel
they are made of and to careless handling of the’ trusses.

Examination of roof structure in four shops of an unspecified plant established
the facts summarized in the table below: )

Regults of Examination of Trusses and
Gussets in Four Shops .of One Plant.

Shop No of No of Noof % of $ of No of Noof % of % of
trusses cracks trusses trusses joints cracks trusses trusses welded
in with with with in with with joints Remarks
gussets cracks cracks cracks craters cracks cracks with
in | in cracks
craters craters )

30 22 , Th - 59 0.90
13 13 78 30 0.35
16 15 . 51 82 1

HALF PTRUSSES
NPT
ik 20 3 206 35
Cracks
extended
to metal

The table indicates that tl‘ze mmber of trusées with cracks in this parti-
cuiar plant amounts to 5-24%, and the pumber of gussets with hot cracks in
welded joints to 0.3-3%.

As a rule, the trusses (web members and gussets) are fabricated of Mark St.
3 Martens riEm:Lng steel (ultimate strength - 54,000 1'b/:l,n2; yield point -
34,000 I_Lb/in )e

In the case under consideration, chemical and mechanical tests of speci-
mens indicated that the material satisfded the GOST requirements. Metallo=
graphic examination, however, disclosed that steel contained high percentage of
impurities.. Moreover, impact strength tests gave the following low and non=-
uniform, scattered results: ‘

_ at - 100C (14OF), the impact strength amounted to: 0.k; 0.6;
4.2; 6.5 ken/cns
(18.7; 28.0; 196.0; 303.0 ££-1b/1n2)

at + 20'C (68 F), after mechenical aging, the impact strength amounted to
.t 0.5 -2,3 kgm/c@(23.4 - 107 ££-1b/in2) '

..12)4_ -
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- Under the impact of dynamic, repeated static and vibrational’loeds, the
presence of slag impurities.es well as of nitrogen,. hydrogen &nd oxygen in
"Mark St. 3 rimming steel sharply lowers the -Quetility of steel at-low tempéra-
“tii¥es ‘and increases itd tendency ‘to form crdcks, particularly-at the ends of
the joints. : " v .

In numerous ceses, gussets broke.or cracked because'of the bends produced
in them during erection, particularly in winter time.' As a rule, the cracks were
arallel to .the chord and started at.the end of the welds joining the web diagonals
(Plate 60, fig 3);. they appeared after the bends were made in the gussets during
the 1ifting or dragging of trusses lying flat on the ground.

" It 4s recorded that when, at a temperature of - 12°C (10.4°F), ‘a crane
carrier truss was once lifted by its upper chord, all three gussets at the lower
chord broke, and the lower chord broke -awey from the truss. Also recorded were
cases of breakage of gussets to which were' fastened web members of half-trusses
with the far ends free. This breakage was due to the repeated thrusts an'd/or .o
blows on the edge of those members in the course of the loading of the half-trusses .
and their transportation, unloading, moving around the building site and field
assembly . ‘ N )

Recommendations

. Study of failures and defects, cited above, resulted in the following recom--
mendations: . .

1. Dead weight and snow loads: The following coefficients are currently
(1957) adopted in accordance with the rorms for structural design:

Dead weight overload 1.1
Dead weight overload for heat insulation slabs and

£illing - ’ . 1.2
AdJustment coefficient to allow for working conditions
" of roof truss compressive members (NiTU) 0.95
Snow overlcad (unspecified)

Considering that truss web members are as a rule made of comparatively small
angles (sections of & number of truss members are selected without safety margin)
and may be easily bent or indented, the adoption of the following coefficients
was recommended: )

Roof dead load overload 1.2
Adjustment coefficient to allow for working conditions

for compressive web members ) 0.8
Snow overload coefficient increased at least to 1.6

The specific gravity of snow may be considerably higher than that adopted;
moreover, one should not losé sight of the fact that on many shops with extensive
roof areas thousands of tons of snow may sometimes sccumulate in ‘the course of a
few hours. - '

425«
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2. Maximm slenderness ratio for two-angle compressive web members.
The higher the slenderness ratio, the larger will be the deflection ordinate
under the load. Considering that in the last few years the valués of allow-
able stresses were increased and that web members are made of small aengles,
the value of the maximum slenderness ratio out of the- plane of truss should
be limited to T0-80 for the compressive members of the truss.

3. Maximum value of ' the inltial deflection ordinste transverse ,éo the
plane ‘of the truss for web 'struts. Frequently, the presently established
ratio .of -1/1000 cannot be maintained because of the bending sustained by
the truss web mémbers (assuming they were properly fabricated in the first
place) in the course of transportation of tru.sses ‘and their eréction. It 1s
therefore suggested that:

a) web struts be made of stampéd or bent structural steel (without
increasing the weight of trusses) instead of small steel angles;
i b) adjustment coefficient to allow for working conditions or web
. strute be lowered to 0.8.

k. Increased toughness and stiffness of gussets. In the process of
manufacturing, transportation,and erection of .trusses, the gussets may" “be
subjected to dymamic loads and plastic deformation from repeated static :loads.
In view of that; the steel plate from which gussets are made should have the
following impact strength:

Tat & 200C §68°F) - not lower than 7 kegm/cm2(327 €t-1b/in2) "

at ¢ 200C (680F) - durin g aging-not lower than 3-4 kgm/cm 2
(140-186.5 L=-1b/1in<) ’

at = 300C (220F below O) not lower than 3-} kgu/cn?:
(140-186.5 ftclb/in )

Source

Stroltel'naye Promyshlennost' No. 5, 1957, pp. 22-27. .
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'&’j}g Fig. 1. 6-2 ft, snow blanket near
moritor (roof trusses
collapsed)

Fig. 2. Purlin carrier truss (buckling
of compressive web members),
Twe diaponals buckled 11.8 in.
transversely to the plane of
the truss. Chords sapged 5.9 in,

Peowa npozvyrecs ma 150aw

Conversion Table

mm, fr.
2,000 .56
3,000 9.84
Fig. 3. Cracked gusset Angles
M. [
50 x 50 x 5 1,97 x.1.97 x O 197
65 x 65 x 6 2.5 x 2.56 x 0,236
100 x 75 x 8 3,94 x 2,95 x 0,315
STEEL ROCF TRUSSES IN INDUSTRI AI"%’I‘HL’ .S )
? . N OINDUSTRIAL CTURES (M i
Source: Stroitel'naya Promysh]ennost', No. 5, g(};sc’ilgqUI‘fQ‘ gggggn)
e <k o F) .
PLATZ 60
<127~
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Fig. 5. Roof truss (L-Buckled post; 2<Buckled web diagonal)
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STEEL ROOF TRUSSES IN TNDUSTRIAL STRUCTURES (Midd.le Ural Region)
Source: Stroitel'naya Promyshlemnost', No. 5, 1957, pp. 23, 24

PLATE 61
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CONCLUSION

] ~—

_The few cases of structural failures and defects analyzed in the preceding
‘chapters provide some insight into the workings of the mind of the builders
carrying out the construction programs of the Soviet Union; -they also indicate

that:
1.
2.

3.
L.

5.

There are certain inaccuracies and geps in the Soviet building
codes; -

The designers make mistakes at times;

Defective or wrong materials are sometimes used in construction;

There appear to be unsolved problems in connection with freezing
soil and winter construction;

The builders sre frequently negligent; they are Just as apt to
disregard the building code rules as to defy the dictates of
common sense. '

All this cannot but affect the soundness as well as the appearance of Soviet
structures and seems to be quite in line with the impressions gained by casual
foreign travelers in the, Soviet Union. 0f particular interest in this respect,
‘should be the impressions of one such traveler, Albert Gore, U. S. Semator from

- Tennessee. During his visit to the Soviet Union in 1957, he was taken on an
inspection tour of the 5,000 kw. experimental reactor (sbout 65 miles S. W. of
Moscow) and the Cancer Research Institute, Here is what he says¥*:

. "...Although only 5 years old, the building looked many years older.
The woodwork was awry, the plaster cracked, paint daubed and bathroom
facilities antiguated. The reactor engineering, however, was of an
entirely different sort ....Next we visited the Cancer Research
Institute. Here too, the builldings were poorly designed** and
constructed, with even poorer workmanship. The instruments for
isotopic treatment, however, appeared to be of excellent quality. oo

. Significant as such reports by forelgn visitors may be, the following
question still remains: how true is the qualitative plcture of Soviet con-
struction as a whole, drawn on the basis of a few such reports plu?s* some

twenty odd cases of failures ‘analyzed in this report? There is a temptation
+6 jump at uncomplimentary conclusions which could prove to be too one-sided.
Under these circumstances, it would be more judicious.-to turn to some Soviet
functionary directly connected with the building -industry for an opinion,
untirged by propaganda, and candid, if possible. T

* pS

\“

#"Senator Gore Reports". Herald Tribune, Sunday, 20 October 1957, s

#%Could Senator Gore have meant "designed’ in the sense of "laid out"?

329~
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Stranéely enough, such.a functionary seems to exist, and here -is what he
. has to say¥: ' - . :

p certain improvement i the quallty of construétion work in clties
and workers' villages bas been achieved in recent years. - Numerous
building crganizations have begun to build fPaster because of .the
accumlated experience as regards sectional construction and the
mechanization of constructicn work. In a number of cities (Leningrad,
Rostov on Don, etes) geod houses are built and much has been done
with respect to public gervices in residential sections.

In spite of certain progress, the quality of construction work as a
whole remains unsatisfactory. Buildings with many defects and unfin-
ished detalls are offered to the State Commissions for acceptance.
In many cities, the houses not accepted by the State Commissions are
invaded by tenants, without authorization; but on the other hand, such
invasions take place in pumerous cases with the blessings of the City
Executive Committees. Flagrant violations of technical conditions
have occurrsd in the structural work procedures; for this reason, for
instence, two failures took place in 1956 at the building sites of the
"Ufastroy" Trust of the Ministry of Urban and Rural Construction of the
RSFSR. The above weaknesses in construction procedures were also
observed in a mmber of other cities.

L :

The basic csuses underlying The low quality of construction are the
following:

Inadequate qualifications of the workers and their extensive
turnovers; .

Low quality of building materials end "products” (possibly
hardware, sub-assemblies, etc. cee)s .

Lack of good quality toolss

¥iolation of "Technical Conditions" in construction work;

ILack of proper control on the part of City Executive
Committees and local “Constructlon and Architecturs"
agenciess '

Failure to exact adequate standards on the part of local
authorities, the " @ozarkhstroykontrol” (State Architecs
tural-and Construction Control) and the technical super-
visors of the client;’ ' '

Incoxrect planning of construction;

Lackadaisical hardling of construction work during the first
three quarters of the year and & f£itful rush in the last )
quarter (for example, in 1955, at Ufa, it was in the -
hih quarter that 766 of the construction called Por by the
yearly program Was ‘turned gver to the operating agencies;
at Sverdlovsk, it was 63%, bub 36% of that was in Decenbex)" .

So writes a Soviet funetionary. In the main, the above statement spparently coh;

cerns residential structures, but the data in this report indicate that it
a,pl?;l.ies, to some degree at least, to {ndustrial structures &s well.

#Construction Quality Control”. Byulleten' Stroitel'noy Tekhniki (Bulletin
of Building Engineering), No. 2, 1957, P. 43.
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. At this point, it mey be well to recall that Senator Gore while critici-
zing Soviet buildings had some words of praise for the equipment they contained.
This equipment belongs in the domain of barely explored branches of modern
sclence. If the Soviet engineers are capable of progress in the field of
modern science, it may be assumed that Soviet builders, potentially at least,
are competent properly to apply the principles of such an ancient scilence as
the science of building. But this, it appears, is a problem to be solved in
an indefinite future. For the present, one is inclined to conclude that the
Soviet building industry presents a sad picture. The Soviet functionary has
implied that muach . '

Under the Soviet scheme of things the question of priorities appears to
be of paramount importance. It does not matter that workers live in crumbling
regidential structures and work in unscundly built industrisl structures. What
seems to matter is the perfection of some apparatus they manufacture under a
priority even if;, upon its completion, this apparatus is installed in a structure
of poor workmanship.

The Soviet government thinks in terms of grandiose economic expansion at
home and competition with the United States.abroad; moreover, it is confron’cnd
with' submissive 'but nonetheless housing=hung:cy population (there is évidence °
of this even in this report - unauthorized occupancy of unaccepted buildings).
In these.circumstences, the gevernment may cease issuing orders to the building
industry, orders which it dces not seem strictly to enforce. Instead, the
industry may be put on a pricrity list, and its uneconomic performance may be
thus brought to an end.
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